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Motivation & Introduction
Many of the most successful Internet-based enterprises are based on the concept of
web portals. Facebook1 and MySpace2, Yahoo3 and MSN4, Expedia5 and many other
portals offer a variety of services through one single gateway; thus, they allow users
to execute different actions without having to switch platforms. This concept has been
successfully transfered to corporate intranets; the potential has been described for the
first time by Shilakes and Tylman (1998) and Murray (1999). They outline the concept
of a corporate portal that supports its users in their work with all kinds of services,
ranging from document management tools to integrated applications. Many authors
regard the corporate portal as provider for such a broad range of services; still, most
scientific discussions and case studies focus on only one subtype: knowledge man-
agement portals, which mainly offer services to search for documents, contact data or
to share information. The capability of a corporate portal to serve as a main gateway
not only to the company’s knowledge but also to its applications is seldom described
in detail, although often stated as a core feature (Murray, 1999; Dias, 2001; White,
2003). Accordingly, corporate portal definitions and classification models are nar-
rowed on details of knowledge management but insufficiently cover other types of
portals. In this work a broader approach to defining and classifying corporate portals
is introduced.
Case studies of corporate portals usually describe the development process and
the results from the initial start-up phase (Raol et al., 2003; Remus, 2007; Vo, 2007).
1http://www.facebook.com
2http://www.myspace.com
3http://www.yahoo.com
4http://www.msn.com
5http://www.expedia.com
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Motivation & Introduction
However, long-term studies of corporate portals beyond knowledge management
portals do not exist. Filling this gap is even more required because corporate portals
are subject to a constant evolution (Eckerson, 1999a; Dias, 2001). Advances in web
technology allow the development of complex services (Daniel 2005). Besides these
technological advancements, a portal is subject to a constant evolution process due
to growth, changing business requirements and changes in a companies IT infras-
tructure. Vo (2007) described the related requirements with regard to the software
engineering aspects. The user-perspective of the evolution process is, however, not
studied, especially for portals that serve to integrate applications rather than provid-
ing simple access to knowledge. The process of constant change demands attention
from users as well as management. Users need to keep track of changes made to a
portal’s service portfolio. Management can help users in this mission by implement-
ing support concepts such as trainings or assistance services. A further challenge lies
in matching each user, new and existing, with the set of potentially relevant services.
While it can be assumed that each user knows the essential portal services he requires
to execute his job, it is likely that more services will exist that have the potential to
contribute to his job tasks. These requirements demand for an overall discussion of
the consequences of corporate portal evolution.
The first part of this work (Chapters 1 to 3) is focused on these two aspects, the
lack of an appropriate classification model for corporate portals and the challenges
caused by the continuous evolution of portal implementations. In Chapter 1, cor-
porate portal definitions and classification concepts from scientific literature are dis-
cussed, based on which a new classification model is presented that incorporates the
potential that the advancements in web technologies offer. The second chapter de-
scribes and analyses the challenges related to the continuous evolution of running
portals. This analysis is conducted concentrating on the user perspective. Among
the key challenges lies the users’ knowledge of the portal’s service portfolio. To meet
this and the other identified challenges, several support concepts are introduced to
serve as a toolset for the management of corporate portal evolution. These concepts
cover a wide area ranging from the organization of trainings to the implementation
of recommender system and other support services.
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In Chapter 3, the findings from the first two chapters are applied for the analysis of
the Corporate Financial Portal (CoFiPot), a portal being used by the finance depart-
ment of Bayer AG with several thousand international users. It was implemented in
2001 and has constantly grown ever since, both, in number of users and services. The
effects from portal evolution, as discussed in Chapter 2, are examined more closely
with the example of CoFiPot and underlined with the findings of an expert interview
with managers of Bayer Finance. Moreover, a usage analysis shows that one of the
key challenges for CoFiPot is to increasing the users’ knowledge about the portal.
The second part of this work (Chapters 4 and 5) describes the concept of recom-
mender systems for corporate portals and its implementation as one of the introduced
support concepts for CoFiPot.
Chapter 4 discusses various recommender system concepts based on the require-
ments for a corporate portal. The chapter can serve as a handbook for the develop-
ment of such a system. It discusses the advantages of certain algorithms and concepts
and introduces new concepts specialized for corporate portals. Differences to existing
recommender system concepts are elaborated.
In Chapter 5 the chosen concept is applied to CoFiPot. A recommender system
is implemented using the proposed model. By only showing recommendations to
half of the users over a four month period, the effects of the system are evaluated by
comparing the behavior of the groups. Moreover, a survey is presented, which points
at determining the perceived usefulness of the recommender system.
The structure of this work is outlined in Figure 0.1.
Research Questions and Contributions
This work delivers three main contributions to the further exploration of Corporate
Portals. At the very base of this field of study, a comprehensive classification concept
for corporate portals is introduced (Chapter 1). It takes the potential of today’s portal
technology into account. The concept also incorporates different evolutionary stages
of corporate portals, thus allowing differentiating between portals of the same kind.
3
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Chapter 1
Characterization of 
Corporate Portals
Chapter 2
Continuous Corporate 
Portal Engineering
Chapter 3
Case Study: The Corporate Finanical Portal (CoFiPot)
Chapter 4
Recommender Systems for Corporate Portals
Chapter 5
Case Study: CoFiPot Recommender System
Chapter 6
Concluding Summary & Outlook
Figure 0.1.: Structure of this work.
Secondly, a basic concept for the management of continuous portal engineering
beyond software engineering is defined for the first time (Chapter 2). To achieve this,
the effects of portal evolution are analyzed taking the user perspective into account.
This is supplemented with the discussion of derived tasks and support concepts.
Eventually, the model for the implementation of a corporate portal recommender
system is presented (Chapter 4). The model discusses special properties of such a
system compared to common recommender system and introduces a new concept to
implicitly derive ratings from usage data.
Based on this work, a scientific approach to continuously improving corporate por-
tals is possible. Furthermore, the approach of using recommender systems as one
possible support system is presented and discussed in detail. Further works will
need to focus on other support systems which should not be neglected when taking
a holistic approach to corporate portal improvement.
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Chapter 1.
Characterization of Corporate Portals
Portal technology became popular in the context of web portals in the 1990s. Ex-
amples are the YAHOO1 and MSN2 portals that offered their users a wide range of
services ranging from information distribution via news-feeds to advanced services
such as e-mail functionalities and online games. The portal technology allowed the
provision of all these services via one central point of entry. Requiring users to reg-
ister with the portal further allowed granting access to services based on the user’s
authorization level but also enabled the portal provider to collect more information
about its users, their preferences and usage patterns.
The advantages of the portal concept were eventually picked up by companies to
streamline their intranet functionalities (Aneja et al., 2000; Summer, 2006) and later
to use the technology to provide all kinds of business services to their employees
and customers, thus also avoiding or at least reducing the need to maintain multiple
applications on each user’s local computer. Starting with the initial corporate por-
tal definitions by Shilakes and Tylman (1998) the concept was widely discussed over
the following years. However, the focus of most authors is on the use of portals for
knowledge management within a company (Aneja et al., 2000; Benbya et al., 2004;
Tatnall, 2005). Some authors emphasize the potential for other uses such as the inte-
gration of internal and external applications and data sources (Murray, 1999; White,
1http://www.yahoo.com
2http://www.msn.com
5
Chapter 1. Characterization of Corporate Portals
2000b; Phifer, 2003; White, 2003) but these analyses are mainly limited to descriptions
of potential benefits.
This chapter gives an overview of the corporate portal concept. The most rele-
vant definitions are presented and categorized. Furthermore, core characteristics are
identified that are common for corporate portal implementations. Following a brief
introduction to portal system architecture, corporate portals are compared to public
portals to identify commonalities and differences.
1.1. Defining Corporate Portals
Scientific literature introduces a multitude of terminologies for corporate portals that
are exchangeable to a certain degree. In his overview article, Dias (2001) lists the
terms corporate portal, corporate information portal, business portal and enterprise informa-
tion portal, all of them used to describe the same concept. This list can be extended
with Eckerson’s enterprise portal (1999a) and White’s enterprise application suite (2003).
Firestone (2000) comments on this matter that “the process of definition of corporate por-
tals, as any other business-oriented strategy, is a political process, that is, an attempt to per-
suade the user community and the information technology (IT) investors that one definition
is more adequate than another one, favoring the interests of one consultant or vendor over his
competitors”. Although it is commonly agreed that Shilakes and Tylman (1998) were
the first to define the concept using the term enterprise information portals, the other
terminologies are based on different definitions of the concept (in addition to Fire-
stone’s observations on the subject). Shilakes and Tylman published their definition
in a Merrill Lynch report in which they describe the potential of the portal technology
as follows:
“Enterprise information portals are applications that enable companies to unlock
internally and externally stored information, and provide users a single gateway
to personalized information needed to make informed business decisions.”
(Shilakes and Tylman, 1998)
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This definition is focused on the potential of the portal technology to provide a sin-
gle point of access to information from various sources within a company. However,
shortly after Shilakes and Tylman, Murray provided a broader perspective:
“Corporate portals must connect us not only with everything we need, but with
everyone we need, and provide all the tools we need to work together. This means
that groupware, e-mail, workflow, and desktop applications - even critical busi-
ness applications - must all be accessible through the portal. Thus, the portal is
the desktop, and your commute is just a phone call away.”
(Murray, 1999)
Murray extends the definition and scope of corporate portals to the integration of
all types of applications instead of restricting it to information management aspects
only. Many more definitions were published over the following years, each of them
emphasizing different aspects of the potential that corporate portals offer.
Detlor (2000) strongly focuses on the information aspect. He identifies the poten-
tial of the portal technology to integrate three different spaces with the portal taking
over the role as a shared information work space as shown in Figure 1.1. According
to Detlor, the portal combines content with communication and coordination. Thus,
its role goes beyond simple information publishing by providing functionalities for
collaboration. In order to achieve this goal, he suggests focusing on the need of the
people who will use the portal rather than on the technical requirements for retriev-
ing all available information within a company. He envisions the corporate portal
as an “information seeking system” rather than as “systems that merely support the
retrieval of information”. Portal developers should understand the requirements that
people have when using the portal. Furthermore, they should not assume that peo-
ple already know what exact piece of information they are looking for but rather
“help them make sense of their environment, learn new ideas, or resolve their prob-
lems”. He draws parallels to Taylor’s (1991) value-added model for information systems
that proposes a stronger focus on the users’ information needs. Detlor also references
Davenport’s (1997) information ecology concept. Comparable to Taylor this concept
criticizes the focus on technology and solutions to handle information like any other
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good within a company. He proposes a holistic approach “which places emphasis on
how people create, distribute, understand, and use information”. Based on this anal-
ysis Detlor presents a framework to facilitate the design of corporate portals based on
the users’ needs. His definition and framework are limited to the aspects of informa-
tion management within a company and do not elaborate on a broader perspective.
Content Space Communication 
Space
Provides information 
access to corporate 
data & documents
Provides workflows & 
routines to support 
cooperative work 
action
Provides channels for 
conversations & 
negotiations on collective 
         interpretation
Coordination Space
Portal
Shared 
information 
workspace
Figure 1.1.: The corporate portal as shared information workspace (Detlor, 2000).
A wider perspective is described by Davydov (2001, chap. 5). Following Murray’s
definition (1999), he picks up the information management context and combines it
with the integration of application services. Yet, he remains focused on the role of
information provisioning throughout his book. Still, he foresees the role of corporate
portals to incorporate intelligent agents that “master individual customers’ or customer
groups’ demand priorities by learning from experience with them, and can quantitatively and
qualitatively analyze those priorities”. With the preview he extends the portal’s capabil-
ities with business intelligence tools.
Daniel and Ward (2005) discuss the overall potentials of corporate portals and pro-
vide the following definition that describes the portal as a platform that integrates
and connects all kind of applications and information sources:
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“Enterprise portals are secure web locations, that can be customized or personal-
ized, that allow staff and business partners access to, and interaction with, a range
of internal and external applications and information sources. Uses of the portal
may include: improved access to information, increased collaboration, greater use
of existing applications and effective integration between applications.”
(Daniel and Ward, 2005)
The authors use an empirical survey to analyze several portal implementations. Al-
though the major part of their paper is focused on information management - due to
the fact that the participating companies were using corporate portals mainly for this
purpose - they conclude that companies have identified the potential of integrating
further types of applications into the portal.
White provides the broadest corporate portal definition by introducing the applica-
tion server suite (2003). This concept extends the scope for portal technology usage to
also comprise the entire business infrastructure required for business processes.
Appendix A provides a comprehensive list of definitions for corporate portals (in-
cluding the aforementioned ones), which in many cases describe similar concepts or
have overlapping characteristics. Some are tailored to serve specific case studies or
research areas (Detlor, 2000; Ryley, 2001); others encompass all potential uses into one
definition (Murray, 1999; Daniel and Ward, 2005; Tatnall, 2005). In summary, most of
these definitions can be categorized into two types:
• defining the corporate portal as a broad tool to cover all kinds of business pur-
poses, following Murray’s vision, and
• focusing on the distribution of information as described by Shilakes and Tyl-
man.
While the appearance of ever new definitions is certainly explicable following Fire-
stone’s (2000) line of argumentation, another aspect might explain the ongoing ap-
pearance of new definitions: Daniel and Ward (2005) identify the continuous evo-
lution of the portal technology as a reason for the lack of a widely accepted defini-
tion. In concurrence with this argument it is obvious that the first corporate portals
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were limited by the restriction of programming languages, available frameworks and
computing capacities. The fast advancements in web technologies have broadly ex-
tended the possible range of applications suitable for inclusion into portal systems
(Luce, 2002). The progress of existing programming languages (such as Java or PHP)
and the development of new languages, frameworks or packages (e.g. .NET, Ruby or
JQuery) have opened the door for new rich web applications, which allow the imple-
mentation of more complex processes that were not feasible at the beginning of the
new century. Labeled with the term web2.0 (O’Reilly, 2005) and closely followed by
enterprise2.0 (McAfee, 2006), a new generation of web applications was introduced,
which drastically transformed the way content and functionality was delivered over
the World Wide Web. Standardization of technologies and the facilitation of common
tasks allowed developers to create new kinds of web-based applications being able to
provide highly complex functionalities. E.g., Google Docs3 provides online document
editing functionalities that were previously only available for desktop applications.
This might also explain why many of the early corporate portal definitions were lim-
ited in the range of services that they deemed suitable for a portal to deliver. Based
on the existing literature, it appears that most corporate portal implementations (that
researchers had access to) were limited to information management functions. Cre-
ating information repositories with connections to several data sources was easier to
achieve than integrating features of enterprise applications. Considering this, more
specific definitions such as White’s enterprise application suite, which is one out of three
corporate portal types she lists (2003), are the logical extensions to Murray’s (1999)
original definition.
The multitude of corporate portal definitions and the many different views on the
corporate portal technology and its role within a company repeatedly lead authors to
suggest grouping patterns or to create taxonomies for corporate portals. Building on
these ideas, the following subsections pinpoint corporate portals in the general portal
software landscape (Section 1.1.1), present a corporate portal classification scheme
based on portal type (Section 1.1.2) and evolutionary stage (Section 1.1.3).
3http:\docs.google.com
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In the following, these approaches are taken to allocate the concept of corporate
portals within the portal landscape. Starting with this allocation, a classification con-
cept is presented that allows distinguishing corporate portals on two levels:
• the type of corporate portals with regard to its role, and
• the evolutionary stages that each type can reach.
This classification concept will help in further identifying the opportunities that the
portal technology offers to support companies on many different levels.
1.1.1. The Position of Corporate Portals in the Portal Landscape
Several authors try to position corporate portals relative to other types of web portals
in order to better understand the concept and distinctive features of corporate portals.
Many papers simply distinguish based on the accessibility into public and corporate
portals (Davydov, 2001, chap. 5; Dias, 2001; Gurugé, 2003, chap. 2); where only
public portals are accessible for all Internet users (Gurugé, 2003, chap. 2). Portals that
fall into this criterion are e-marketplaces4, community portals5, information portals6
and specialized/niche portals (Tatnall, 2005). These authors have an undifferentiated
view on corporate portals: While public portals are further separated into different
types, corporate portals are not.
An alternative approach classification scheme distinguishes between horizontal
and vertical portals ignoring public accessibility as differentiator.
Horizontal portals - also general portals (Collins, 2000) - serve as platforms for various
applications. Usually they do not target a specific audience but provide a rich portfo-
lio of all kind of services (Großmann and Koschek, 2005, chap. 1). Examples for such
portals are Yahoo, MSN and also Google7 with their broad spectrum of services.8
4E.g. Amazon (http://www.amazon.com) offering a wide variety of goods or http://www.eta.ch
offerings only goods from one company.
5E.g. Facebook (http://www.facebook.com) or the community site for asp.net developers (http://
www.asp.net).
6Information portals are mainly news-sites such as http://www.nytimes.com but also portals like
Wikipedia (http://www.wikipedia.org).
7http://www.google.com
8Google offers services such as search, mailing or analytics via separate sites but also allows users to
group all through the iGoogle portal.
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Vertical portals, in contrast, are focused on specific processes. They offer a range of
services that support these processes (Collins, 2000, chap. 2; Davydov, 2001, chap. 5;
Gurugé, 2003, chap. 2; Großmann and Koschek, 2005, chap. 1; Tatnall, 2005), i.e., their
focus is narrow and confined on specific goals.
Other authors further differentiate between business-to-business (B2B), business-
to-employee (B2E) and business-to-consumer (B2C) portals as different types of ver-
tical portals (Davydov, 2001, chap. 5; Gurugé, 2003, chap. 2; Knorr, 2004). Davydov
calls these kinds of portals role portals. B2C portals either serve as selling platform
for a company or provide information to attract customers. B2B portals support
inter-company business operations ranging from simple information exchanges up
to complex business-to-business online marketplaces (Arbin and Essler, 2002). B2E
portals support employees in accomplishing their daily tasks and can also serve as
information and training platforms.
Most definitions of corporate portals fall into the category of vertical portals be-
cause these focus on providing support for specific processes rather than offering a
wide range of different services as horizontal portals do.
These two distinct views on corporate portals show that many authors see the cor-
porate portal technology separated from public portals, while others distinguish by
range or purpose of services offered. The second view appears more suitable because
it allows identifying shared features independent of the portal’s target group.
1.1.2. Specification of Corporate Portal Types
In an early literature overview, Dias (2001) groups corporate portals by the type of
functions they support within a company. Several of the identified types are quoted
and refined by other authors (Raol et al., 2003; Benbya et al., 2004; Daniel and Ward,
2005). However, due to the limited capabilities of the portal technology at that time
most of these types are grouped by the possibility of handling information. For exam-
ple, Dias (2001) and Firestone (2000) differentiate between portals used for decision
making, decision processing, collaborative processing and hybrids of these types.
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Recent definitions by White (2003) and Phifer (2003) distinguish corporate portals
on a higher level and cover the broad spectrum of functionalities that the technology
can offer. Based on these definitions, the following three types of portals a specified,
which will serve as basis for all further analyses in the remainder of this work:
• business intelligence portals,
• application integration portals (and as sub-type application package portals),
• employee portals.
Business intelligence portals grant access to corporate information and provide anal-
ysis and reporting as well as collaboration and processing tools. This type includes
the collaboration/collaborative portal (Firestone, 2000; Dias, 2001; Davydov, 2001), the
information portal (Shilakes and Tylman, 1998; White, 2000a; Dias, 2001; Benbya et al.,
2004; Detlor, 2004; Tatnall, 2005; Daniel and Ward, 2005) and other variations such
as the expertise portal (Murray, 1999). The business intelligence portal is similar to
the Smart Enterprise Suite as defined in a Gartner report (Phifer, 2003). Such a portal
allows a company to distribute its data among decision makers, employees and busi-
ness partners. In its functionality is comparable but not limited to the functionalities
labeled with groupware in the 90s (Orlikowski, 1992; Grudin, 1994), which support
users with all the information and tools required for collaboration and decision mak-
ing. Business intelligence portals can enable employees to share and document their
knowledge thus leveraging the sometimes hidden knowledge sources within compa-
nies (Davenport, 2005).
The application integration portal or application server suite (White, 2003) is focused on
providing unified access to various applications. By integrating all types of applica-
tions and services - external and internal - the portal enables the company to connect
all of them in one single platform. The main features of these types of portals are
user interfaces for integrated applications, business process support and data access.
It gives users the opportunity to access applications and services through one single
portal rather than having to switch between systems (Schelp and Winter, 2002). It is
comparable with the concept of a business portal as described by Eckerson (1999a) and
Davydov (2001) but also includes collaboration and processing features. Examples
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for portal solutions of this type are IBM’s WebSphere9 and the Plumtree portal (today
part of Oracle’s product portfolio10) (Knorr, 2004).
The application package portal (White, 2003) offers an out-of-the-box suite of appli-
cations by a single vendor. Examples are the SAP NetWeaver Portal11 or the Oracle
Portal 11g12. While such solutions can also support the integration of third-party ap-
plications they emphasize prepackaged solutions by the vendor. When implementing
such a portal, the customer can select from the range of services the portal-package
provides to support the underlying business needs. Different to the previously intro-
duced application integration portal, such portals are specifically tailored to grant access
to one single underlying system rather than integrating heterogeneous systems into
a single front end (Edelman and Jussila, 2000). Thus, they often do not match the spe-
cific company’s business needs (Hazra, 2002) or they become part of an application
integration portal.
Still, within this classification, the application package portal is regarded as a sub-
type of application integration portals because it basically can be seen as a limited
version of the latter one.
Employee portals define a separate type of corporate portal. They provide employees
with various types of information that are not necessarily part of business processes.
The offered services cover human resources related tools like holiday-planning, con-
tract management, work-time tracker, and also general services such as information
about the daily lunch menu or phone directories. The role of an employee portal
can also be interpreted as that of an internal social network within a company. This
type can partly be seen as a B2E portal (Davydov, 2001, chap. 5) with focus on non-
business processes.
The presented distinction between three main types of corporate portals enables
decision makers to select the right type of portal based on their business needs and
current system infrastructure. Companies that seek to provide their employees with
9http://www-01.ibm.com/software/websphere
10http://www.oracle.com/bea
11http://www.sap.com/germany/solutions/netweaver/components/netweaverportal
12http://www.oracle.com/portal
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a platform to collaborate, share and retrieve information will implement a business
intelligence or an employee portal (the latter if the aim of the portal is to provide
value-added services rather than supporting business processes). Companies that
want to provide access to applications will select the application integration portal.
Here they might select the application package portal in case they have a homoge-
neous system structure with one main business application (such as SAP), if such a
solution exists for the specific system. The distinction between the three portal types
is not exclusive. It is possible that a portal combines the features of multiple types.
1.1.3. Evolutionary Stages of Corporate Portals
Besides a type based classification, a corporate portal can further be categorized based
on its evolutionary stage. Identifying the evolutionary stage of a portal is a useful ad-
dition to the planning process for a new portal implementation or the reengineering
process of existing solutions. In the following, for each stage common features are
grouped. Knowing the stage thus enables developers to better plan and analyze the
development process knowing current and future stages of the referenced features.
Analyzing the evolution of public portals in the 90s, Eckerson (1999b) identifies
three stages of portal evolution: referential, personalized and interactive. Dias (2001)
later extended the list with a fourth level, which emphasizes that “portals have a
potential to extend beyond the capabilities offered by public portals”. She calls these
levels generations of portals. The resulting four generations are shown in (Table 1.1).
The concept presented in Table 1.2 matches three stages of portal evolution with
the afore defined portal types. At the referential level, all portal types merely offer
references to other sites in a company’s intranet and provide access to documents
such as manuals or forms. The second stage, interactive portals, summarizes portals
that provide various services that allow users to execute simple actions such as edit-
ing data, forwarding information or customizing reports. The specialized stage does
not necessarily stand for further technological advances in the offered features but
merely puts emphasis on special processes or target groups. It also stands for holistic
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Generation Category Corporate portals
First Referential Search engine, with hierarchical index of web content. Each
index entry contains a description of the content object and a
link to it. This generation emphasizes content management,
mass dissemination of corporate information and decision
support.
Second Personalized Through identification and a password, users create a per-
sonalized view of portal contents, known as “Mypage”. This
view shows just the categories each user is interested in
viewing. The portal can notify users when new content is
added to categories they have previously selected. Users
can publish documents to the corporate repository so that
other users may view them. This generation privileges con-
tent customized distribution.
Third Interactive The portal embeds applications that improve employees’
productivity, such as e-mail, workflow, project management,
expense reports, calendars, schedules, etc. This generation
adds the collaborative character to corporate portals, provid-
ing multiple types of interactive services.
Fourth Specialized Portals based on professional roles, for managing specific
corporate functions, such as sales, human resources, fi-
nances, etc. This generation connects corporate applications
with the portal, allowing users to execute transactions, read,
write and update corporate data.
Table 1.1.: Generations of corporate portals (Eckerson, 1999b; adapted by Dias, 2001).
solutions, i.e., a portal that fully integrates all services available to employees of a
company.
With this categorization scheme at hand, it is possible to classify existing and
planned corporate portal implementations not only by type but also by their evo-
lutionary stage. The scheme can support developers and management by providing
information about features that are common in each category.
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Referential Interactive Specialized
Business
Intelligence
Portal
Portals that provide
links to documents and
other sites in the
intranet. Search engine
and hierarchy.
Implementation of
collaboration features
allowing to edit and
share documents.
Workflow
management support.
Portals focused on
collaboration for
project and process
management.
Application
Integration
Portal
Portals that provide
links to applications.
Simple integration of
application with by
providing data from
integrated
applications.
Full integration of
applications that allow
the execution of all
kind of processes
through the portal.
Portals that support
special processes
within the company.
E.g. portals supporting
all processes of a
department or role in
the company.
Employee
Portal
Simple sites that
provide references to
various sites within the
intranet. Download of
forms and documents.
Integration of services
for HR and other
employee-related
tasks. E.g.
management of
holiday applications.
Extension to employee
community portal with
discussion forums,
walls, etc.
Table 1.2.: Corporate Portal types and evolution stages.
1.2. Characteristics of Corporate Portals
To describe the capabilities of corporate portals its features were summarized. Ecker-
son (1999a) presented a list of “15 rules for enterprise portals” that a corporate portal
should comply with (cf. Appendix B). This list was picked up and extended by sev-
eral authors (Raol et al., 2003; Smith, 2004; Benbya et al., 2004; Tatnall, 2005; Daniel
and Ward, 2005). Raol et al. (2003) and Daniel and Ward (2005) use those characteris-
tics to group the corporate portal solutions that were available on the market at that
time.
Benbya et al. (2004) classify portal features into three categories: core capabilities,
supportive capabilities and web services. As basis for the feature list they reference
the corporate portal framework from Aneja et al. (2000), which is introduced to de-
fine the essential requirements to create a corporate portal with focus on information
categorization and personalization (see Figure 1.2). Their paper analyzes Intel’s inter-
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nal knowledge management requirements based on the sheer volume of information
that is available within the Intel intranet. They emphasize the need for a corporate
portal to organize the available information by creating taxonomies and providing
extensive search features.
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Figure 1.2.: Corporate Portal Framework by Aneja et al. (2000).
Most of the characteristics concern basic features while advanced concepts such as
application integration are often neglected. Grouping concepts, like those introduced
by Benbya et al. (2004), are - again - specific for information focused portals and do not
cover the wide range of portal applications as proposed in the previous section. The
following feature grouping attempts to encompass the capabilities of all corporate
portal types (Krämer et al., 2010). The three groups are:
• technical functionalities,
• usability aspects,
• and business process integration.
The list picks up the characteristics that were presented in previous papers and
extends the list with a strong focus on business process support capabilities.
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1.2.1. Technical Functionalities
Most of the prominent portal functionalities to be discussed in this section rely on the
available technical capabilities of the portal.
Especially in the corporate context, portals have heightened requirements for se-
curity. The security features of a portal include connection features such as secured
https-connections and firewalls, authentication methods and cryptographic services
to prevent unauthorized access (Eckerson, 1999a; Luce, 2002; Gurugé, 2003). With the
portal serving as single point of entry to all kind of underlying systems, security is-
sues like access management have to be handled on this level rather than separately
in each application. Several portal vendors also offer the ability to integrate the por-
tal’s user administration with directory services such as Microsoft’s Active Directory
or Novell’s Directory Service (Edelman and Jussila, 2000). This functionality saves
the effort of maintaining double user lists. It also helps in keeping the user database
up-to-date. New users can be added and old users are removed automatically. In
this vein, the technical capabilities are closely linked to usability aspects like single
sign-on, which is discussed later. Another important technical aspect is the portal’s
scalability, i.e., the ability to cope with a growing number of users and services (Ben-
bya et al., 2004). Moreover, the portal can provide standardized interfaces (API) to
communicate with other applications (Eckerson, 1999a; White, 2003). Through these
interfaces other applications can be fed with latest information assembled by the por-
tal and its underlying business intelligence tools, or the portal itself acquires informa-
tion from other services or data sources. APIs also allow connections to other portals,
for example, by using web services as interface. Finally, one of the key advantages
of portals over desktop applications is the web browser interface. In particular, this
means that there is no need to install any further software on the users’ machines
(Eckerson 2000). This greatly simplifies software deployment, because updates only
need to be uploaded to the server and are effective immediately without any further
need to distribute software packages to users. This is not only cost effective but also
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ensures that only one version of the software is running13 (Elsner and Vo, 2007). The
software update cycle of web portals can therefore be highly dynamic and even might
allow multiple updates per day.
1.2.2. Usability
Improving usability is a primary motivation for introducing portals in the first place
and therefore highly important for their acceptance. In particular, six different di-
mensions can be identified which contribute to portal usability:
Foremost, ease of use encompasses all aspects which facilitate the process of using
the portal itself. For example, this includes a common interface, such that users do
not need to switch between applications or web sites to follow a course of action but
can rather access all required information and services within the portal. Thereby, a
single sign-on ability can allow a faster access to portal content, because users are au-
thenticated without having to enter credentials (Edelman and Jussila, 2000; Gantner
et al., 2006).
Also common design elements, look&feel and standardized user interfaces help
users to navigate and understand the system (Nielsen, 1993). The portal may also
already provide a taxonomy, which allows users to group categorize content (Aneja
et al., 2000). This further enhances portal navigation and thus usability.
Additionally, users can be given the option to customize and personalize the portal ac-
cording to user- or group-dependent requirements (White, 2000a). Moreover, portals
can also provide each user with the option to adapt the appearance and to automati-
cally create personalized output (Benbya et al., 2004).
The possibility to search the portal’s content and services is a prominent function-
ality and a key feature of knowledge portals (Fagin et al., 2003; Detlor, 2004; Benbya
et al., 2004). Search should cover content itself as well as META-information that
describes further the content.
13If the software is installed on each client’s desktop, several different versions of the software might
run on different desktops if upgrades are not installed immediately. It has to be ensured that
previous versions will work at least for a short period until all versions have been upgraded.
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Complementary to the search, which requires users to pull information from the
portal, the portal can also offer subscription features, which push updates and new
information to users. This is achieved by allowing users to subscribe to portal ser-
vices, e.g., through mail or content syndication (RSS) or customized reports.
Finally, the usability of portals is also constituted by a range of collaboration fea-
tures, which facilitate the interaction between portal users. Collaboration features
may range from the ability to upload and publish documents for selected users or
user groups up to collaborative document writing (Benbya et al., 2004; Daniel and
Ward, 2005). The latter could include wiki-features as well as more advanced docu-
ment management features such as versioning. Collaboration also includes discus-
sion forums or feedback mechanisms like commenting tools or ranking functions.
1.2.3. Business Process Integration/Business Intelligence
While the aforementioned usability and technical functionalities also apply to pub-
lic portals, corporate portals are additionally capable of providing business process
functionalities. Of course, such functionalities are highly contingent to the nature of
the firm that utilizes the corporate portal. However, in more general terms, one can
distinguish three broad types of business process functionalities: Integrated business
intelligence, business process execution and automated reporting.
Integrated business intelligence describes all functionalities which are associated with
the portals’ ability to extract combine and analyze information from various available
resources in order to generate new information (Edelman and Jussila, 2000; White,
2000a; Davydov, 2001, chap. 5; Top, 2005). For example, business intelligence tools
can support business processes by assembling process status information and initial-
izing follow-up processes. Thereby, the ability to trigger follow-up processes out-
lines the core concept of business process execution functionalities. Likewise, a simple
knowledge portal can be significantly enhanced by integrated business intelligence
applications which combine data and display the relevant information directly in the
application. In addition, in combination with historic data, such applications can pro-
vide benchmarking and forecasting functionalities: Benchmarking enables to detect
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deviations from historic developments which may indicate errors or other recogniz-
able events. Based on this information other automatic or semi-automatic reactions
can be triggered directly. Beyond event detection, interpolation of historic and cur-
rent data may have predictive value and can thus help in planning operations.
Business intelligence tools are often closely coupled to automated or scheduled report-
ing features. These can either be triggered through events (Edelman and Jussila, 2000)
or be based on a schedule. For example, an event-based report can result from status
changes or external input such as data input or a service requests. Scheduled reports,
on the contrary, are triggered independent of specific events at fixed time intervals.
The role of business intelligence in the creation of reports is to provide extensive
analysis of data (Benbya et al., 2004). Automatic reporting should be implemented
in combination with the above described publishing capabilities (cf. Section 1.2.1).
Especially event-triggered reports can be published, using, for example, RSS-feeds.
In this way subscribers can be informed over multiple channels when an event has
occurred. Automatic reporting also includes the functionality of automatic alerts. For
instance, if the portal automatically provides prediction data, it can also issue an alert
in case the current data significantly differs from predicted numbers.
Technical Usability Business Process
- Security
- Global directory
integration
- Scalability
- Standardized accessibility
- Browser accessibility
- Ease of deployment
- Ease of use
- Taxonomy
- Customization
& personalization
- Search
- Subscription
- Collaboration
- Integrated business
intelligence
- Business process
execution
- Automated & scheduled
reporting
Table 1.3.: Overview and hierarchy of corporate portal functionalities.
Table 1.3 summarizes the results of this section and shows the dependency of the
portal functionalities. The table also shows the various features and feature combi-
nations that corporate portals can provide. With the ongoing improvements to web-
technologies the list might further evolve. As of today, it is already possible to provide
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all functionalities of an integrated application through web interfaces.14 Thus, in the-
ory, all application interfaces can today be provided through a corporate portal using
currently existing (web) technologies.
1.3. Corporate versus Public Portals
Some of the presented corporate portal classifications distinguished between public
and corporate portals (cf. Section 1.1.1). However, there are no detailed comparisons
between public and corporate portals available that go beyond superficial differenti-
ation of the main objective of each type. However, as described before, the corporate
portal development has closely followed the advances of public portals and will con-
tinue to do so. New challenges will arise due to this constant evolution that portal
developers and providers have to cope with. Careful management of the portal and
the services it provides becomes increasingly important. These conditions apply to
corporate as well as public portals. It is therefore important to identify in detail the
similarities and differences between the two types.
The topmost level for this comparison is the objective behind the implementation
of a portal. For public portals, however, the attractiveness to users is the key driver. In
the corporate portal context, where users are employees and the sole purpose of the
portal is to increase their productivity, the challenge is to enable portal users to exploit
its potential and advantages over separate applications to the fullest. In this aspect,
corporate portals are very different to public portals. Identifying further differences
will help in specifying useful techniques to handle challenges in the engineering pro-
cess of corporate portals. In the following these differences are defined with regard
to the each portal type’s key objectives and portal management challenges.
14For example, Microsoft’s Exchange Server was one of the first applications that provided a web
interface with almost all functionalities that were provided by the client software Microsoft Office
Outlook
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1.3.1. Environment and Objective
One of the fundamental differences between public and corporate portals is the en-
vironment they are designed for. Public portals are usually accessible for all Internet
users while corporate portals are limited to a companies’ intranet or - if reachable
through the Internet - only accessible for employees and partners of the company.
Thus, public portals have a potential user base of millions of users while their corpo-
rate counterparts are limited to usually less than a few thousand (Zanker and Gordea,
2006). From a technical perspective this has many implications. First of all, public
portals have to be highly scalable in order be able to handle up to several million user
requests. Moreover, the number of users and requests is hard to predict and, for in-
stance, in case of a rising popularity of a portal, special precautions have to be taken
to be able to cope with quickly increasing user requests. Within the closed circle of a
companies’ network the number of users is highly predictable and usually compara-
bly small. Scalability is therefore a minor issue. Another issue for public portals is to
take much more rigid measures against malicious users. While corporate portals just
need to ensure that only authorized persons have access, public portals also need to
control the behavior of their users - even if they are required to register before they
use the portal. Misuse of public websites is a well-known problem. For instance,
in case of Wikipedia, malicious users often try to manipulate information about per-
sons or events.15 It is however very unlikely that employees will manipulate content
within a corporate portal as the penalty for such behavior could, in the worst case, be
the risk to lose their job. Therefore, it is not as important to implement processes for
content validation and user monitoring as in a public portal.
With respect to objectives, public and corporate portals are very different. A public
portal is usually part of the company’s business model if it is not even the business
model itself. For instances, portals such as Facebook, YAHOO or MySpace are the
foundation for companies with hundreds of employees. Without these portals, the
companies would not exist. Other companies use public portals to promote their
15For example, in 2009 the death of two American senators was announced on their Wikipedia-
pages although they were still alive (http://voices.washingtonpost.com/capitol-briefing/2009/
01/kennedy_the_latest_victim_of_w.html).
24
1.3. Corporate versus Public Portals
products or to provide tools related to those. Such one example is Procter & Gam-
ble’s baby-portal16 for young parents, which provides community functions for baby-
related questions. This portal follows the business goal of promoting Procter & Gam-
ble’s diapers and other baby-related products and not to earn money with user fees
or advertisements as it is the case with Facebook and similar portals.
In contrast, corporate portals support the business model of a company without
being the business model itself. Their value-add is to support employees and the
management with reports and all kind of other services. This has consequences for
the availability and stability of the portal. If an outage occurs in a public portal like
Facebook, it immediately endangers the company in behind. Furthermore, even mi-
nor errors or flawed functionalities are usually critically commented in public. On
the contrary, failures within corporate portals will not at once lead to bad publicity or
endanger the company’s success. Of course, it must be ensured that errors are fixed
within a short period of time but even an interruption of a few hours will usually not
cause severe problems. Furthermore, manual “emergency” process instructions are
usually available that ensure continuation in operations.17
As the portal is the business model or at least part of it, it requires providers of
public portals to ensure attractiveness of their product. Otherwise they will not gain
new customers and might lose existing ones. Providing an attractive environment
includes using the latest (web) technologies, providing popular features and content
and to ensure a high reliability. Providers need to stay on par with technology ad-
vancements and also continuously need to monitor competitors in order to identify
new “killer features”. If competitors offer comparable services for a better price, with
more features or at a better quality, users might switch portals. Within companies
the attractiveness does definitely not have the same priority as in public portals. For
once, the users of a corporate portal are the employees who are required to use the
portal in order to fulfill certain tasks. Furthermore, there is no competition with other
16http://www.pampers.com
17In the case study, presented in Chapter 3, a failure that causes the portal to stop will lead to com-
plaints but as long as it is fixed within 1-2 hours, no significant problems will arise. In the worst
case, if the portal crashes shortly before the start of automatic processes (e.g. the end-of-day process
that consolidates all trades of the day), the processes need to be run manually.
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portals. There is no reason for companies to implement competing portals solutions.
In case that some minor features are overlapping between different solutions, it does
not matter as long as it does not hinder any processes.
Due to these considerations corporate portals have no need to provide an attractive
environment with the latest features as long as the users can fulfill their tasks with
the existing solution. Therefore, the priority for upgrades is usually very low. This
situation, although seeming to be logical, might still hinder the full exploitation of a
corporate portal, a matter, that is further discussed in the remainder of this chapter.
1.3.2. Differences in User Motivation
Corporate portal users are usually employees of the respective company and thus
different to (anonymous) customers in public portals. This difference plays an impor-
tant role when looking (i) at each user group’s overall motivation and (ii) the specific
motivation on how to use it.
Public portals are often competing with other portals for customers. Therefore, they
will strive to provide a highly attractive interface with interesting products and/or
features. Based on the available offers users choose the most attractive portal that
fulfills their purposes. If another portal starts providing better services, users will
simply switch to the better offer. In contrast, corporate portal users are not attracted
to the portal but forced to use the available solution.
These differences can be seen as the foundation for differences in usage patterns
of the different user groups. Public portal users are self-interested in the portal’s
functionality and its offers. They use it whenever they want to, e.g., just to spend
some time searching for products, features, etc. They are likely to remain longer on
the portal web site if there are items of interest such as interesting articles in a news
portal or special deals in a shopping portal.
In contrast, an employee will access a corporate portal as soon as he needs to re-
trieve some information or use one of its services. In general, the visit is part of a
business process. When the specific task in the portal is accomplished, the user will
leave it. The likelihood that an employee will spend time in the portal to discover
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new features is rather low since the visit does not occur out of personal interest but is
driven by specific business need.
1.3.3. Complexity and Support
The complexity of the services offered by a corporate portal is often much higher
than those of public portals. Corporate portals (as shown later on in the case study
in Chapter 3) can integrate several applications and allow the execution of business
transactions and sometimes even might completely automate processes. The com-
plexity of such services is usually not comparable to, for example, buying a product
online or editing an article at Wikipedia.
Another difference is that employees are usually trained for their job and thus un-
derstand how each portal service they need to use functions. They will also use the
services on a regular basis so that they can get used to even highly complex interfaces
with multiple options. Furthermore, it is possible to offer help to corporate portal
users on many levels, which can range from online- or phone support up to train-
ings. Also it is very likely that a user will know other users, e.g. within the same
department, that also have experience with the portal and can help on an informal
level.
Due to costs, training or phone support (to explain services) for public portals are
usually not available. Services must therefore be intuitive and are consequently lim-
ited in their usage complexity. Support is usually handled through a frequently asked
questions (FAQ) page, forums or contact forms only.
Another aspect is the heterogeneity of the offered services and its users in corpo-
rate portals18. Such portals usually support various business processes via a variety
of different services though each employee will only use a small fraction of them.
For instance, in a portal that supports all aspects of order management ranging from
order assembly to billing and complaint management, each involved employee will
only require access to a few of the offered service. Additionally, each group of services
18The topic of heterogeneity is further discussed in Section 2.1.
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and users might require different features or design elements thus further contribut-
ing to the complexity of the portal.
A public portal usually provides a consistent set of services to the whole group of
users. Even if the variety of services is high (e.g. with YAHOO’s or MSN’s various
services), neither the heterogeneity of the user base nor that of the services is likely to
reach the level of corporate portals. Again, the most important aspect is that corporate
portal users can be systematically trained to use complex service offerings.
1.3.4. Differences in Security Settings and Access Control
Another difference between public and corporate portals stems from the access man-
agement functionality. Public portals often require the users to authenticate them-
selves. In some portals users can choose between a free and a premium membership
based on which some additional features of the portal become available. For exam-
ple, at XING19, a portal that allows users to create a business network by creating
links to other users, standard members have access to all basic functionalities while
premium members have access to several additional features such as an overview of
all users who visited their profile as well as more advanced options to contact other
members. Another example is Amazon’s portal that differentiates between private,
corporate and seller accounts. Each account offers different functionalities to the user.
Still, the number of user roles in public portals will in most cases be limited to
anonymous users, those that have signed in and premium members.
In contrast to such identity-based concepts, the access management in corporate
portals is handled with role- or rule-based models (cf. Section 1.4.4). The number of
potential access-right combinations is high, especially as compared to public portals
with two or three potential sets of access rights. Accordingly, the requirements to ad-
ministrate and monitor these access rights are higher and require special care. If the
portal offers access to critical data, it must be ensured that only those users have ac-
cess who have the necessary job clearance. Ensuring that (i) each service implements
19http://www.xing.com
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the access right functionality, that (ii) the rights are correctly set and that (iii) each
user has the appropriate set of rights adds to a corporate portal’s complexity.
Table 1.4 provides a summary of the key differences between public and corporate
portals. The analysis showed that both portal types serve different purposes and tar-
get different types of users. Accordingly, they offer services with different attributes.
Thus, they face challenges that differ in priority and type. Concepts for the engineer-
ing and administration of public portals cannot simply be transferred to corporate
portals.
Corporate Portal Public Portal
- Environment Corporation / intranet Internet
- Objective Business model support Business model
- Scalability Predictable Unpredictable
- Users Employees Users/customers
- Complexity High Low-medium
- Support Training, personal, hotline, in-
formal, mail-support
FAQ, mail-support, hotline
- Access Management Role-based access Simple authentication
Table 1.4.: Functional differences between corporate and public portals (Krämer et al., 2010).
1.4. Technical Architecture of Corporate Portals
Each corporate portal implementation has its own set of main characteristics and
provides different types of information using different approaches. However, the
basic architecture of every portal follows the same concept. The corporate portal
serves as middleware between applications, various data sources and the employ-
ees of a company. It provides a unified interface accessible through the user’s web
browser (cf. Section 1.2.1). Shilakes and Tylman (1998) distinguish between struc-
tured and unstructured data that corporate portals integrate. Structured data sources
are applications and services that are integrated in the portal; unstructured data com-
prises all types of documents, e-mails and data from other websites and the corpo-
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rate intranet. Access to these sources is realized through application programming
interfaces (APIs) of various types. Figure 1.3 shows the basic architecture emphasiz-
ing the portal’s role as middleware between internal and external systems, on the one
hand, and the users, on the other. It also depicts the access control layer that ensures
that services and content delivered by the portal are only accessible to authorized
users.
Corporate Portal
...Service 2
Corporate System Landscape
Users
(Employees, Managers, Customers)
Structured 
Data
Applications Unstructured 
Data
External Systems
Web
Services
External 
Applications
XML
Service 1 Service n
Access Control Management
Figure 1.3.: Corporate portal architecture with interfaces to various sources and access control
component.
1.4.1. Accessing Web Services
Web service interfaces allow the distribution of data and services using Extensible
Markup Language (XML) messages that are transported via the Simple Object Ac-
cess Protocol (SOAP) protocol. By applying standardized protocols and patterns, the
technology enables service distributors on the one side to provide their services using
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a widely accepted standard and service requesters on the other side to easily imple-
ment services from various providers using a common interface technology rather
than having to individually adapt to each providers API.
Corporate portals can use web services as an interface to exchange data with exter-
nal and internal services. External services include information sources such as stock
prices, news streams or data from business partners20, but also advanced services
that allow the execution of processes or the management of data in external systems.
Internal services are all those services that are offered by applications or other portals
within a company.
The corporate portal itself can also provide web service interfaces to enable other
applications to access the portal’s data and services.
1.4.2. Integrating Existing Applications
To integrate an application into a portal, the system either uses interfaces that are
provided by the application as described above or directly accesses the specific appli-
cation’s underlying databases. The decision for one or the other method depends on
the availability of matching interfaces but also on performance requirements of the
functionalities that need to be integrated. Even if an application provides a suitable
interface (e.g. for the provision of data), the performance of the interface can be unsat-
isfyingly slow, especially when dealing with large amounts of data. The reason is that
data provided through a web service has to be initially parsed within the application
and then send to the portal that has to parse the data again. In such cases the overall
process can be significantly faster if the portal gets direct access to the applications
underlying database.
1.4.3. Accessing other Data Sources
Various other data sources are available within a company. The list includes but is not
limited to network file directories, custom applications or databases, communication
20For example, Corporate Financial Portal (CoFiPot), the corporate portal which is portrayed in the
next section, uses web services to retrieve bank account statements from financial institutes.
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data (e.g. e-mails) and data from other sites in the corporate intranet. For each of
those data sources a custom interface has to be developed.
1.4.4. Access Control
It is common practice that corporate portals provide confidential data such as trade-
info, performance indicators or planning data. To ensure that only authorized users
have access to such data, access control systems are part of each portal solution. Ac-
cess to portal services is usually managed with role-based or rule-based models while
identity-based concepts are rather not suitable. Figure 1.4 shows the basic concept of
these three models.
Identity Based
Role Based
Rule Based
Rules
Role
Attributes
Environment
Attributes
State
Figure 1.4.: Access control model types.
In role-based models each user is assigned several roles based on his work tasks, de-
partment and hierarchy level within the company (Benantar, 2006, p. 190 et seq.).
E.g. based on their roles, managers have access to sensitive reports that should not
be accessible to employees, accountants have access to bank information and dealers
are able to execute trades. Using role-based authorization, the access settings can be
controlled on a coarse-grain level. Certain columns of reports can be dependent on
access rights. Also the visibility of fields in interfaces or the possible options to choose
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in such forms can be controlled. Several concepts for the development of role-based
access control are available which can be grouped into top-down and bottom-up ap-
proaches (Molloy et al., 2008). In the top-down approach, the real-world business is
analyzed and roles are derived from it (Fernandez and Hawkins, 1997; Roeckle et al.,
2000; Neumann and Strembeck, 2002). Bottom-up models, on the other hand, target
existing systems that already have an identity-based access control and need to be
migrated to role-based access control. Their goal is to analyze the existing system
and propose a set of roles (Molloy et al., 2008).
In rule-based access control models the decision on whether or not to grant a user
access to a resource is based on the evaluation of rules which are based on the user’s
attributes such as the position within the company (Denning, 1976; Department of
Defense, 1985; Clark and Wilson, 1987; Moffett and Sloman, 1991; Bell, 2005). Based
on those rules, similar to role-based models, access is granted or denied to resources.
In identity-based models, direct connections between users and permissions are es-
tablished. Interdependencies are shown with the access-matrix model (Lampson,
1974; Harrison et al., 1976) that contain a row for every subject (here: user) and a col-
umn for every object (here: service). Each field of the matrix contains a list of access
rights that the respective subject possesses for the respective object. Access matrices
can become very large and sparse. For performance reasons, they are therefore often
implemented in the form of either access control lists or capability lists. For portals
with several hundred or more users and multiple access rights, the administration of
identity-based systems quickly becomes very complex. Therefore, they are not suit-
able for portals that require multiple security levels. On the other hand, the model is
suitable for public portals where access rights seldom will extend beyond authorized
and premium users (cf. Section 1.3).
The corporate portal literature provides further specifications for corporate portal
architecture such as the specification of common elements that portals offer (Shilakes
and Tylman, 1998; Dias, 2001; Davydov, 2001) or capability lists Aneja et al. (2000).
Some of those aspects have already been introduced in Section 1.2.1. This work fo-
cuses on management and usage aspects of corporate portals. Portal architecture
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hereby plays a subordinate role and is therefore not further described in detail. More
information on portal frameworks and architecture can be found at Davydov (2001),
Zykov (2004) and Großmann and Koschek (2005).
1.5. Chapter Summary
This chapter gave an overview of corporate portal definitions, categorizations for
portals and capabilities that corporate portal solutions can provide. Most literature
sources are focused on portals that provide service for corporate knowledge manage-
ment only. The possibilities that the portal technology offers due to the continuous
developments in web-technology have not been reflected in scientific literature so far.
Although some authors such as Murray (1999) or White (2003) have emphasized the
potential range of applications for corporate portals, no detailed review of the chang-
ing corporate portal environment is available yet. Thus, the existing approaches to
classify portals become obsolete and do not reflect today’s possibilities.
To close this gap, three main types of corporate portals were presented to reflect
the range of applications for the corporate portal technology:
• business intelligence portals,
• application integration portals, and
• employee portals.
Furthermore, three evolution stages for each of these types were identified to pro-
vide another dimension for the classification of new or existing portals. This clas-
sification concept also takes into account that similar types of portals may follow
different objectives. While one company only requires a business intelligence portal
that offers its employees the possibility to find relevant documents, another company
might require an advanced solution enabling users to use the portal as main collab-
oration tool for project management. To cope with these differences, the distinction
between different portal evolutionary stages is introduced as a third classification cri-
terion.
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In the remainder of the chapter, the focus is shifted to the comparison of public and
corporate portals. Both portal types are subject to the same technological advances
and thus face comparable challenges to development and portal management. How-
ever, it is unclear whether the same solutions are applicable in both environments.
Thus, different approaches to handle challenges related to continuous portal evolu-
tion are discussed.
Finally, as a foundation for technical considerations in the following chapters, the
basic technical concepts of corporate portal architecture are introduced.
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Chapter 2.
Continuous Corporate Portal
Engineering
Once a corporate portal has been initially implemented, a continuous (re-)engineering
process has to be established. Its content and service portfolio likely has to be ex-
tended or changed to cope with changing business requirements. This development
is influenced by multiple factors, which are described and discussed in this chapter.
The process of constant portal (re-)engineering has to fulfill several criteria. Besides
regular software development tasks (e.g. bug fixing), the quality and usability of the
portal has to be continuously ensured and reviewed. Especially for portals whose
service base is constantly growing a variety of additional challenges has to be ad-
dressed. Most importantly, users have to become aware of newly offered services.
This awareness issue and several related aspects are the core focus of this work. The
basic software engineering process for corporate portals is not further discussed. As
several authors provide good descriptions for both, the initial development phase
(Davydov, 2001; Hazra, 2002; Sullivan, 2003; Remus, 2007) as well as the continuous
software engineering process (Vo, 2007). Other aspects, however, are not discussed
in detail in scientific literature. Moreover, case studies are rather focused on the im-
plementation phase (Raol et al., 2003; Counsell, 2004; Daniel and Ward, 2006; Remus,
2007) or the first phase of a portal’s operation (Sullivan, 2003; Cloete and Snyman,
2003; Top, 2005; Remus, 2007).
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The research agenda covered in this chapter are threefold: The first part focuses on
the factors influencing the continuous portal engineering process and analyses them
with regard to the different portal types, which were presented in the previous chap-
ter. The second part (Section 2.2) looks at the resulting challenges and groups them
into two sets. Finally, in Section 2.4, different portal engineering support concepts are
introduced that have the potential to facilitate the handling of a corporate portal for
both, users and responsible persons for the portal. Each of these support concepts
addresses one (or more) of the previously identified challenges in portal engineering.
Their applicability further depends on the type of portal and its evolution stage.
The analysis in this work is restricted to services that are offered by corporate por-
tals. Considerations regarding knowledge management aspects such as the quality
of content or technical aspects like performance are not discussed. For simplicity rea-
sons, it is assumed that a service in the portal is represented by a page. Thus, each
service can be accessed through the portal navigation. A more granular definition
of a service in the portal context is possible but would not contribute to the context
of this section. Moreover, the concepts being presented in the following can also be
applied for a more granular approach to define a portal service.
2.1. Challenges in daily Portal Operation
Corporate portals posses certain properties that have to be addressed in daily por-
tal operation. For example, the complexity of offered services, which was described
in Section 1.3.3, usually requires additional training effort for target users. This and
other challenges such as continuously changing business requirements are described
in more detail in the following subsections. Three groups of challenges can be distin-
guished:
• challenges related to the services offered by a portal,
• challenges related to user requirements and changes in the user base,
• challenges related to the overall portal structure and objectives.
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2.1.1. Heterogeneity and Evolution of Services
A corporate portal provides a variety of services to its users. E.g. in a business in-
telligence portal, these services oftentimes include download and edit functionalities
for shared documents or real time collaboration tools. Application integration por-
tals offer services that provide functionalities and data from underlying applications.
Employee portals provide services for HR-related tasks or offer information for em-
ployees such as company news.
Heterogeneity of Services
The service portfolio of a corporate portal can support multiple processes within a
company, targeted at users with different business tasks and within different depart-
ments. Thus, not all services are relevant for all users (cf. Section 1.3) but also very dif-
ferent types of services or views on the underlying applications might coexist within
one portal.
Two types of service groups can be specified: the first consists of services that are
stand-alone. They are focused on one process or provide access to a single functional-
ity and do not depend on other services. On the contrary, the second group contains
services supporting process chains. Here, multiple services have to be accessed in cer-
tain sequences in order to fulfill a task. A strong interrelationship exists between
services of this type. Business intelligence and employee portals usually consist of
stand-alone service whiles application integration portals normally offer both types.
A document library offering electronic documents for a specific topic is a typical
example for a stand-alone service in business intelligence or employee portals. A
service that offers functionality to edit the content of a database or to execute an action
in an underlying system is another service example, which is commonly found in all
types of portals. Stand-alone, in this context, does not imply simplicity. The key
characteristic is the fact that a user can fulfill a task by solely using the particular
service.
Process-oriented services, in contrast, provide functionalities for one process step
in a bigger process chain. In order to finish a process, multiple of these services have
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to be accessed. An example is the service process chain that supports the order pro-
cess of a company. One service provides the functionality to administrate incoming
orders, another is used to oversee the packing and shipment process and a third pro-
vides access to the billing process. Each of these services depends on the others, they
are all part of the order management process.
The distinction between the two groups strongly depends on each case and the
definition of a service. It is possible to divide the features of one service into two
services and also to summarize the required functionality for an entire process chain
in one service as it is described in this work. Therefore, it is not possible to strictly
assign certain services to each group.
Extension of Services
Once a service has been implemented into a portal, it is likely to be subject to further
changes that extend the simple bug fixing. Usually, the first version of a new service
supports key features only. E.g. a document management service allows uploading
and downloading documents and an order administration service offers to simply
add and edit order entries. As soon as the core features are supported, the service will
be added to the portal’s portfolio and made accessible. Subsequently, features will be
added because new requirements arise from user experiences with the service or to
extend the scope of the offered features. In the example of a document management
service, new features could be versioning of documents or the possibility to comment
or categorize entries. The continuous extensions to an existing service can even lead
to a service split-up, so that the functionalities of one service, which was initially
developed as stand-alone service, are separated into two interdependent services.
The change process can also be triggered through changes in the underlying ap-
plications. If an application is upgraded to a new version or replaced by a similar
system from a different software provider, the service’s access interface to this system
needs to be updated.1 In the best case, only minor changes to the overall appearance
of affected services are required, in the worst case, some services need to be entirely
1The case study in Chapter 3 presents such a scenario in Section 3.1.2.
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redeveloped. Assuming the example of an order administration service and also as-
suming that the underlying order management software is replaced by a different
solution, which provides more features than the previous one: the new features then
need to be integrated into the portal service’s interface and business logic. E.g. if the
new software provides more data fields that have to be filled for each order, these
need to be integrated into the service interface.
Changes to the Service Portfolio
Changes in underlying systems might also cause the addition of new services and
the removal of obsolete ones. The new ones have to be announced to portal users and
integrated into the portal’s navigation structure; the old ones have to be removed.
Similar such changes occur based on management decision to extend the range of a
portal or to follow different priorities. For example, it could be decided that a portal
that supports processes of one department should be extended to support processes
involving other departments too. This decision would not only affect the number of
offered services but also the user base.
2.1.2. Portal User Base
Changes in a portal’s user base as well as the characteristics of the different types of
users also strongly influence the continuous portal engineering process.
Changes to the User Base
Similar to the evolution of a portal’s service portfolio, its user base evolves over time
as (i) new users are added, (ii) new users groups(with corresponding business re-
quirements and permission rights evolve and (iii) existing users quit.
Each change in the user base can influence the requirements the portal needs to
address and might also shift priorities. Also the perception of the portal within a
company might be affected. Important factors to handle those cases are the general
design of services, the structure of the portal and portal documentation.
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Addition of Users: The portal will gain new individual users in several situations.
New employees are a common scenario in which users are added to the portal who are
entirely unfamiliar not only with the portal but also with the processes within the
company. Being introduced to their new job-responsibilities, they will enter the por-
tal for the first time and need to identify the relevant service set for their work. This
familiarization process can be challenging since these users are not only required to
learn and acquire experiences with their new business tasks but also have to famil-
iarize themselves with the portal’s functionality. First of all, they have to understand
how their services work in context of the underlying business processes. Secondly,
they need to get used to nomenclature and usage patterns within the portal. Often
within a company a large set of abbreviations and special terms exist that are conse-
quently used in the portal too. Also the interface design of the services (e.g. grouping
of buttons or fields) will take some time of getting used to.
Within larger companies the group of random visitors is another source for new
users. By following links from other (intranet) websites or because they have seen a
service “in action” at someone else’s computer, these users enter the portal and, in
case they find services that can support them in their work, become regular users.
Quite similar are new users who visit the portal by active recommendation from col-
leagues. These two types of new users can be grouped as unplanned users, who are not
in the group of people the portal’s services where originally implemented for. How-
ever, in evolving portals features quite likely exist that can also facilitate the work of
users who execute different business processes than those the service was originally
designed to support.2 It is disputable whether to consider this group of users when
designing the portal. One the one hand, the focus of the development should target
the users the particular service is originally designed for. On the other hand, such
services could also add value to other functionally not considered processes of other
users and would thus contribute to the company’s overall performance at no addi-
tionally effort. In larger companies with hundreds if not thousands of portal users it
is often not possible to exactly determine the group of target users a service is devel-
2E.g., a business process might require users to look up information from a list. This feature will be
implemented as a service. The look-up service might also facilitate other user’s work in case they
require the same information - just for another process.
42
2.1. Challenges in daily Portal Operation
oped for. Therefore, it should be carefully explored whether the design of the portal
should incorporate the possibility of unexpected user groups.
New User Groups: Entire groups of new users are added to the portal when new
processes are mapped through portal services or, in case of the integration of new
subsidiaries, into a corporation. The effort to familiarize the new users with the por-
tal is similar to the addition of single users. If these new users are in contact with
others who already use the portal (e.g. from the same department) the transition
will be easier as they can get informal support with general questions concerning the
handling of the portal. In the other case, for example, if new services add an entire
department to the portal’s user base, some effort might be required to get these new
users trained to work with the portal. Basically, dependent on the processes that are
moved to the portal, they will have to adapt their daily working patterns and include
the portal into their set of tools. This transition process might take some time and
training.
The addition of users from departments who did not use the portal before can pose
further challenges. Often departments differ in their working patterns or the nomen-
clature (terms and abbreviations) they use. New users will need to understand these
abbreviations or adapt to the other working patterns or the services need to be up-
graded to support the different patterns.
Leaving Users: Some users will leave the company or change positions so that they
will not use the portal any more or at least have a very different focus on it. Por-
tal management has to ensure that their user accounts are removed or their access
rights updated respectively (in case they change their position within the company
but still use the portal). As soon as business processes change the portal might as well
lose some users. This can occur when the new process does not require some of the
previously used portal services or even the portal at all.
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User Characteristics
Similar to services, users can be quite different with regard to their behavior and
requirements. The differences are most obvious in the general acceptance of web
technology, the familiarity with it and the confidence in handling portal services.
On a rather different level users are distinguishable by their background. Some
users feel more comfortable with using web-based systems than others. Those who
frequently visit websites are more familiar with the general concept and less hesitant
in using it than others. User attitude towards portal also depends on previous expe-
rience, e.g. with the processes they use the portal for. Long-time employees might
be required to change their working patterns when the portal system is introduced.
They have to relearn processes in the portal that they were used to execute for years
with a certain working patterns. Whether this learning process is easier or harder
if compared to new employees, who have to understand the process as well as the
portal’s functionalities in general, strongly depends on the aforementioned affinity to
web technologies. Already knowing the underlying business process can facility the
learning process because the basic intention is clear but it might also lead to confusion
if a user is not used to using web portal technologies. Another important differentia-
tion is whether a user trusts the portal in a sense that provided services are showing
reliable information and are really supporting the business.
Although such attitude based differentiation can further result in very different us-
age patterns and acceptance levels of a portal, some user differences have its roots in
the background of user groups. Users with differing educational background can act
quite differently and thus have differing demands on the design of processes within
a portal. Such differences often occur between different departments within a com-
pany. The legal department, for example, usually consists of lawyers whose educa-
tion is focused on the exact description and formulation of facts. Those users typically
demand services that are extremely accurate and well explained. On the other hand,
engineers, whose studies are rather focused on “doing” will be annoyed by overly
documented interfaces and oftentimes prefer a “click and try” approach for explor-
ing the portal functionality and for developing trust in a service.
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Such rather drastic examples show the heterogeneity that exists especially between
users from different departments. Although each group is forced to accept the portal
the way it is (there is usually no alternative), considering each user’s requirements
will lead to a better individual acceptance of the portal and thus a higher motivation
to use the portal.
A further distinction can be made based on the tasks each user requires the portal
for. This distinction is closely related to the origin of the user within the company,
e.g. whether a user is manager, accountant or secretary and from which different
department or subsidiary he comes from. For example, managers are likely to use
the portal services to retrieve data such as reports or meeting minutes and will rarely
execute tasks that involve entering data. The latter is a more likely task for accoun-
tants and similar users. Thus, these groups are accustomed to use the portal for very
different types of actions. Accordingly they will perceive the portal very differently
and have different demands. A manager might ask for more complex reports while
accountants prioritize features that facilitate data entry.
2.1.3. Overall Portal Evolution
Changes to services and to the user base as well as the heterogeneity of both are
strong influence factors in the evolution process of a corporate portal. In addition,
more factors, which are discussed in the following, have to be considered. They are
related to several of the previously discussed aspects.
Portal Structure
The heterogeneity of services and users puts a high demand on the structure of the
portal. Each group of users should be able to access its required services in one (log-
ical) place.3 The more different groups and services a portal has, the more complex
this task becomes especially if some services are shared across several groups.
3Services can be accessed through the portal menu. Similar services are usually grouped in one
branch of the menu. Switching between services in the same branch is usually more intuitive
and faster than between branches. Especially in large menu structures with multiple levels of
subbranches switching requires knowledge of the structure.
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The task becomes even more complex with the extension of a portal’s service port-
folio (cf. Section 2.1.1). The initial navigation structure of a portal will reflect the set
of services that was available at that time. Similar services will be grouped together
in logical groups of acceptable size. Additions to the portal will not occur similarly
distributed for each group of services. It is rather likely that some service groups will
be strongly affected while others are not at all. Thus, the initial service grouping and
structure will become imbalanced and needs to be updated to reflect the new service
portfolio.
2.1.4. Primary and Secondary Services
Related to the task of managing navigational structure and portal growth is the chal-
lenge of matching each user with all services relevant to them. The purpose of a
corporate portal is to support each user in its daily work (cf. Section 1.3). Each em-
ployee who uses the portal will have one or more services that he is required to use.
These services are his main motivation for accessing the portal. However, especially
in a large portal that offers a wide range of services, the chance is that there are sev-
eral services that have the potential to support tasks of an employee other than these
he would typically require when asked for the first time. These services might not be
essential for his work, but using them would facility or improve it. Back in the ex-
ample of an order administration process, an example would be a service that allows
users the automatic retrieval of reports from the portal based on a schedule: Users
not knowing this service have to retrieve the reports manually and thus experience
some overhead. Knowing the scheduling service would facilitate their work. An-
other example is common to services providing simple sets of data such as deadlines,
customer lists, exchange rates, etc. Often this information is also distributed via email
or available on shared network drives. Users who use this information might often
not know that they could get the same data through a portal service and instead use
the (potentially outdated) local version. They will only learn about changes to the
data in case of errors.
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The above problem can be classified by distinguishing between primary services that
users have to use and secondary services that have the potential to further support a
user. A common reason for a user’s unawareness of secondary services goes back
to the evolution of portals. Each service is developed with the goal of supporting
a certain process or group of users. These users will be informed about the service.
However, often the new service could also benefit other users. The above example of
services that provide simple data sets demonstrate this situation: several departments
use a simple list, e.g., of customers which is accessible through an arbitrary and stand
alone customer management software. One department decides to develop a service
for the portal that provides the list but further enhances it with other information
such as the customer’s order history. If the other departments are not informed about
this new service, they will continue to use the customer management software and
thus will not have the additional information that is provided by the new service.
A corporate portal fulfills its purpose if every user knows and uses his set of pri-
mary services. However, the full potential is only unleashed, if users learn about the
secondary services which will facilitate their work and which might even improve the
resulting quality or their work performance.
2.2. Overcoming the Main User Challenges
The presented factors that influence the continuous engineering process stand for
a wide range of challenges. The resulting goals for the engineering process can be
grouped by two main missions:
• find relevant services,
• provide a high usability.
The first mission comprises all tasks that are related to enabling users to learn about
all relevant services of the portal, primary and secondary (cf. Section 2.1.4). The
second mission is to design and organize these services in way that allows for efficient
usage. In the following, several key tasks are identified for each mission. Each task is
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briefly introduced in the following. A discussion of concepts to accomplish the tasks
is provided in Section 2.4.
2.2.1. Help Users find the Relevant Services
The easiest case to match a user with all services that have the potential to support his
work, is a situation where he actively searches for them. This is likely to be the case
in business information portals. Users access such portals to retrieve information.
Even if they know where to find the required data, they will be aware that there is
other information available in the portal and will actively look for it. The focus of
this work is not on the semantic aspect of finding information but on finding other
relevant services for users. If users actively search for information they might also
search for other services. And even if they do not explicitly intend to search for a
service, the results of a search for information can be extended with results pointing
to useful services too.
An approach to actively push information to users is to recommend services similar
to recommender systems in online shops (e.g. Amazon’s book recommender system)
or movie databases (Basu et al., 1998) that offer related products. For this purpose rec-
ommendations need to be automatically computed or manually entered. By actively
recommending services, the user is guided through the portal to all relevant services.
However, from a portal operator point of view, it requires knowledge about possibly
relevant services for different users and groups, which can be difficult to obtain.
A more direct concept to familiarize users with the portal’s service is to actively
train users. Organizing workshops or personal introductions to the portal is a di-
rect way of informing users about the entire service portfolio. However, it requires
significant effort from both, users and operators to join the training.
An alternative to active training is to document the portal and its services and
provide the documentation to the users. Such documentation can provide a brief
overview of the overall functionalities that the portal supports with descriptions for
the key functionalities of each service. Although the documentation can be pushed
to each user, it requires them to read it.
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Finally, each user has to be able to easily navigate through the portal. Regardless
whether he is trying to access a service he learned about before, or because he wants
to discover the portal on its own or only switch between services he already knows:
Providing the possibility to easily find and access services with a good menu structure
or quick links will help users to better use a portal.
2.2.2. Ensure Good Usability
The second mission is to ensure a good usability of the portal. This requirement is
based on potential problems due to heterogeneous requirements by users, the possi-
bly wide range of different types of services and the potentially high complexity of
some of the services (cf. Section 2.1).
The key task for a high usability of services and overall portal functions is the design
process. Using coherent design elements and extensive usability testing of interfaces
is in the core of this process.
A closely related task is to coherently structure services themselves and within the
portal. This task is important to help users quickly understand what functionalities
are offered and also how a process works.
In addition, by documenting each service in detail, users can be enabled to learn
more about its functionalities. An important aspect here is the way the documenta-
tion is made available. The best documentation is worthless if users do not know that
it exists.
By training users in the usage of certain services the best results can be achieved.
Training will enable them to even understand highly complex services. It should,
however, not be seen as a substitute to the effort of designing services to be as easy
to use as possible. Trainings only reach a small number of users. Considering the
discussion about secondary services shows that users might exist who benefit from
a service although it was not implemented for them. Thus, relying on training for
identified users as a replacement for easy-to-use service design potentially alienates
a large group of unidentified users.
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Table 2.1 summarizes the missions and the related tasks. It shows that the first
mission consists of tasks users can by accomplish by active participation (pull) and
those that push information to users. The second mission, to provide a high usability,
only consists of push tasks.
Mission Task Information
Find the right service - search pull
- recommend push
- document pull
- train push
- navigate push & pull
Provide a high usability - design push
- structure push
- document push
- train push
Table 2.1.: Missions and tasks for the portal engineering process.
2.2.3. Relevant Tasks for each Portal Type
The relevance of each of the previously introduced tasks depends on the type of portal
it is being applied for. Each portal is used differently and thus some tasks may be less
effective for one type than for another.
An important difference between application integration portals, on the one side,
and business intelligence and employee portals, on the other side, is the expected us-
age frequency. Application integration portals support users in their regular tasks.
Therefore, they are likely to be used regularly and users exhibit coherent usage pat-
terns. They will access these portal knowing what they want to do and most likely
which service they need to use in order to accomplish this goal.
Although business intelligence portals can also provide support for regular tasks
they are more likely to be used less regularly or at least not with constant usage pat-
terns in such a portal. Information and collaboration features are merely accessed
on demand and not due to repeating job requirements as in application integration
portals.
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Employee portals provide services that are rather used infrequently and on de-
mand, depending on the range of services they offer. A service that publishes internal
company news might be accessed daily, but others such as HR-services more seldom.
Based in these assumptions, the relevance of each task for the different portal types
can be deduced. Table 2.2 presents a model that distinguishes the relevance of a
task for each portal on three relevance levels: high, medium and low. The relevance
values have to be seen in comparison with the other tasks for each portal type. A task
assigned with a medium relevance does not necessarily mean that this task would
not benefit the missions, the other tasks, however, are more likely to better contribute
in comparison.
Business Intelligence
Portal
Application
Integration Portal
Employee Portal
Search  #  
Recommend    
Document G#  #
Train G#  #
Structure  G#  
Navigate  G#  
Design G#  G#
 : high relevance, G#: medium relevance, #: low relevance
Table 2.2.: Relevance of tasks per portal type.
Supporting user search is more suitable for business intelligence and employee por-
tals since users are more likely to use such features as previously described. Recom-
mending services can have a good effect for all types of portals. It does not require
any effort from users and also does not require any training in order to use recom-
mendations. Although documentation has the potential to provide very detailed in-
formation, it requires users to read it. The more complex the offered features of the
portal are, the more likely users might read the documentation. Therefore, this task is
better suited for business applications portals that offer such complex services. Sim-
ilar considerations apply for trainings, which are only required to explain complex
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services or provide an overview of larger portals. Also, a good design is more im-
portant to encourage usage of complex services than it is for usage of comparably
simple ones because the latter can still be used even if the interface design is not of
a high quality. A good portal structure and good navigation options will have more
effect for portals in which users probably search for services but are less relevant for
application integration portals.
2.3. Methods for Analyzing Corporate Portals
For the decision on which tasks to prioritize in the portal engineering process, a portal
needs to be analyzed to gain knowledge about the users of the portal and their usage
patterns. The core process is the analysis of the usage logs with web usage mining
concepts. Furthermore, users can actively be integrated in the process by explicitly
requesting their feedback.
2.3.1. Web Usage Mining
The concept of web usage mining summarizes the methodology for analyzing visits to
web sites. Clusters of pages that are jointly accessed during a user session as well as
clusters of users who have similar visiting patterns can be identified with these meth-
ods. Especially within enterprises the question of user privacy plays an important
role in this context.
Web usage mining is a sub-category of general web mining methods (Kosala and
Blockeel, 2000). The concept is based on the analysis of the log data which is collected
for each action that a user performs on a web site. Whenever he enters a web site or
clicks on a button on this site, the web server stores this page request (hit) in a raw
data log. This log usually contains information about the requested site, the user’s
Internet Protocol (IP) address, the date and time of the request and further Meta data.
The analysis process of this log data is divided into three phases (Srivastava et al.,
2000): preprocessing, pattern discovery and pattern analysis as shown in Figure 2.1.
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Figure 2.1.: High level web usage mining process (Srivastava et al., 2000).
During the preprocessing phase the hits of each user are aggregated to visits that
show how long a user stayed on a page. For example, if a user enters a page and clicks
three times to execute an action on the same page, the resulting four hits (initial hit
plus three clicks) are aggregated to one page visit. Based on the collected visit data
usage paths, clusters of similar visits or users can be determined during the pattern
discovery phase. Usage paths show how a user navigated between pages during
a visit in the portal. By grouping such paths, popular navigation patterns can be
detected (Spiliopoulou and Faulstich, 1999). Comparably, users with similar visit
patterns can be grouped together (cf. Section 2.3.1). Further simple statistics such
as most popular pages, average duration of page or portal visits and many other are
determined during this phase (Cooley et al., 1999). Pattern analysis is the final step
of the entire process. The objective is to filter out uninteresting data and patterns
from the set found in the previous phase. Here, analyses can be run that focus on key
indicators. For example, usage paths can be highlighted that contain certain pages or
sequences.
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More advanced methods not only identify visits to pages but also track each user’s
actions on a page (Shahabi et al., 1997) even to a detail level that shows the user’s
mouse movements (Card et al., 2001; Arroyo et al., 2006).
In the corporate portal context such analyses allow the identification of service us-
age in general. With the help of advanced analysis methods even field selections
in interfaces (e.g. report types, currencies, etc.) could be analyzed to reveal further
information about feature usage.
For the interpretation of service usage in the corporate portal context some spe-
cific issues have to be taken into consideration that relate to access rights and target
user groups. When comparing visits between different services, the number of users
who have access to each service must be taken into account. Also, it is questionable
whether the number of pages is a relevant measuring parameter. Some services might
just be tailored for a small group of users or only for special events or time periods.4
Because of this, the simple comparison of visit numbers is not the key result that web
usage mining delivers. It is rather a basis for the identification of user and service
clusters.
User Clustering
Based on the web usage mining results similar users can be identified and grouped
together in several profile types. These profiles can be solely based on visit pat-
terns (Mobasher, 1999; Shahabi et al., 1997) but can also include advanced user data
(Mobasher et al., 2002; Srour et al., 2007). Advanced user data might include informa-
tion about the user’s company (e.g. in CoFiPot the subsidiary a user is working in),
his career level within the company, preferences for searches or reports and all kinds
of additional personal information. Determining user profiles opens the door to sev-
eral ways of providing a better portal experience to the user but also raises questions
concerning the user’s privacy (cf. Section 2.3.1).
4The portal presented as case study in Chapter 3, for example, offers some services that are only
relevant for the generation of the annual report and thus are only in use for a short period of time
towards the end of each year.
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Even simple data analysis can help to better structure, for example, the portal nav-
igation to better serve the most common user groups. More complex analysis scenar-
ios include the generation of customized portals for each profile group or personal-
ized navigation and interfaces as described later in Section 2.4.5.
Adomavicius and Tuzhilin (2001) divide user data in factual and transactional. Fac-
tual data describes who the user is and transactional data describes what he does.
They propose to combine both data sets to improve the quality of user information
in order to ultimately offer completely personalized portals. This approach is very
useful to because it combines static data (profile information) with dynamically gen-
erated data which can enhance the knowledge about the user.
Privacy Considerations
Privacy of user profiles and log data is a very important issue that has recently at-
tracted a lot of attention due to abuse of such data sets within companies.5 Therefore,
clear privacy rules have to be defined that comply with national laws (Aneja et al.,
2000). Users in general are extremely averse against any data collection (Srivastava
et al., 2000; Eirinaki and Vazirgiannis, 2003). The best way to cope with this issue is
to inform them about what data is collected and how it is used (Kobsa, 2007). Also,
each portal should maintain a written privacy policy that explains what kind of data
is collected and for which purposes.
Kobsa recommends to restrict the collection of data to the absolute necessary at-
tributes and to store the data only as long as needed. Also, mechanisms should be
implemented that evaluate and remove personal data if not needed or not in compli-
ance with the privacy rules (Cingil et al., 2000; Kobsa, 2007).
The trade-off with privacy restrictions is that advanced usage analyzes and per-
sonalization tools depend on personal data. Portal personalization is barely possible
without having individual information about a user. Also the quality of recommen-
dations increases with the detail level of the available usage data. However, before
5Recently, at Deutsche Telekom and Deutsche Bahn the abuse of employee data has lead to public
attention and started a discussion about stricter privacy rules for employees.
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the implementation of new services that might need data, which impacts personal
privacy, alternatives with less impact should be considered (Kobsa, 2007).
An important aspect within companies is the pro-active involvement of the staff
council before introducing new services that use personal data or ahead of changing
the privacy policy of a portal.
2.3.2. User Feedback
Interviews or surveys with portal users help collecting additional information about
their experiences and satisfaction with the portal. While interviews allows reacting
to each user’s answers and enquiring follow-up information, a survey reaches more
users with less effort but also with less information about individual user experiences
A useful model to design a survey is the Technology Acceptance Model (TAM) origi-
nally developed by Davis (1989). It measures the perceived usefulness and perceived
ease of use of IT systems. The perceived usefulness is defined by Davis as “the degree to
which a person believes that using a particular system would enhance his or her job perfor-
mance.". Perceived ease of use, in contrast, is taken as indicator for the degree “to which
a person believes that using a particular system would be free of effort”. TAM has been
widely accepted (David and Venkatesh, 1996; Doll et al., 1998; Sharp, 2007) and has
been used in many studies to measure the usability of websites especially in the area
of knowledge management tools (Lederer et al., 2000; Mathieson et al., 2001; Money
and Turner, 2004; Abdinnour-Helm et al., 2005). Some extensions exist that have been
adapted to changed requirements or single aspects of the model. For example, TAM2
by Venkatesh and Davis (2000) emphasizes the role of the perceived usefulness with
regard to mandatory versus voluntary usage.
TAM can serve as basis for designing the questionnaire for a survey and also for
structuring an interview. An approach to apply the model to measure the usability of
a corporate portal or its features is e.g. described by Vo (2007).
Interviews with portal users deliver a very high data quality. The possibility to
immediately react to the interviewed user’s demands and concerns allows further
discovering previously unknown problems and questions. As a positive side-effect,
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conducting interviews furthermore integrates users into the portal engineering pro-
cess. By reacting to their wishes, they get the feeling that they can contribute to the
portal development process and might even serve as advocates for new features.
Compared to surveys, the effort of conducting interviews is higher with regard to
the number of users who can be questioned. On the other hand, short interviews with
a few users can be organized faster since interviews do not require a fully structured
questionnaire. Also, the number of surveys should be limited in order not to annoy
users with too many requests. Interviews, in contrast can be conducted more often
by selecting different users.
2.4. Concepts to Support Portal Engineering
This section describes several different concept that have the potential to support
the ongoing engineering process of corporate portals and that can help fulfilling the
missions and related tasks described in Section 2.2. The main emphasis is put in
concepts that support system operation. Concepts that are required or useful for the
initial development of a corporate portal or the implementation are not discussed
here. Information on these topics can be found in Vo (2007), Hazra (2002) or Gurugé
(2003).
The presented concepts are:
• Service and Portal Documentation
• User Trainings
• Internal marketing
• Recommender Systems
• Personalized Portals
• Design and usability reviews
Some of these concepts require the integration of new features into a portal, e.g. a
recommender system, while others (such as trainings) are concepts that have to be
implemented by portal responsibles or management. Each concept is introduced and
analyzed according to the following criteria:
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• Which tasks does it support?
• How much initial effort is required to realize the concept?
• How much maintenance effort does it require?
• Which are the key prerequisites for the application of the concept?
2.4.1. Service and Portal Documentation
Documentation of services and portal features allows users to learn about the offered
functionalities. It has to be distinguished between the documentation of single ser-
vices and a global documentation. The latter can give users an overview of all offered
services, which can be especially helpful for users who visit the portal for the first
time. Such documentation could be designed as a demo-tour. Similarly a short in-
troduction for each service can help users to identify its core features, thus enabling
them to decide whether it is of relevance to them. A detailed description, on the other
hand, is helpful for advanced users who want to learn about particular features.
Providing documentation is very helpful and can lower the number of inquiries
that are sent to portal support staff. However, the concept is also prone to a high
level of inefficiency. The challenge it to maintain an up-to-date set of documents that
addresses the requirements of the target group in the right granularity (Polanyi, 1997;
Davenport et al., 1998; Hahn and Subramani, 2000; Orlikowski, 2002; Stenmark, 2004).
Documentation Technologies
Systems used to organize knowledge have significantly changed over the past years.
The most basic form, static documents that are stored on network drives or in knowl-
edge management systems, are still widely in use but prone to inefficiency (Daven-
port et al., 1998; Hahn and Subramani, 2000; Gold et al., 2001). A general problem
with static documents is the process of writing and keeping them up-to-date. On the
one hand, access rules have to be established which not only control who is permitted
to change documents but also ensure that only one person can edit a document at a
time. On the other hand, the process of updating an entire document might appear
too much of an effort for performing minor corrections. Such obstacles can be low-
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ered with advanced document management systems6; however, other technologies
have the potential to better serve the purpose of documenting certain processes and
systems.
The incentives for users to share their knowledge are not further discussed. In
depth descriptions and analysis of this topic are provided by various authors (Dav-
enport and Prusak, 1997; Holtshouse, 1998; Leonard and Sensiper, 1998; Baumard
and Baumard, 1999; Lam, 2000; Stenmark, 2004; Davenport, 2005).
Wiki-systems are a very efficient way to document services and processes because
they allow each user to easily add and update information. They also enable authors
to add cross-references to other documentations. Another advantage with a high
relevance for the portal technology is that users can directly access a wiki-system
through their browser, i.e. using the same application they use to access the portal
itself. The users do not have to download a document in order to access it. Wiki
systems allow documentations to mature over time and to adapt to changes (Braun
and Schmidt, 2007). The implementation of wiki-systems in company intranets has
been widely discussed in general (Leuf and Cunningham, 2001; Cunningham, 2003;
Stenmark, 2005; Buffa, 2006; Hasan and Pfaff, 2006) and with special focus on why this
type of documentation succeed or fails(Désilets et al., 2005; Chui et al., 2009; Bughin
et al., 2009).
A very different kind of documentation is achieved through the provisioning of
a forum for portal users. In such a forum they can post questions and discuss them
with other users and administrators. Over time, a quasi-documentation of the system
is created that is focused on answering common questions about it (Stenmark, 2005).
The concept is very close to FAQ-sections and also to wiki systems although less
structured as compared to the latter.7
6An example for such a document management system is Microsoft’s SharePoint Portal that allows
user to directly download and edit documents within their browser.
7In a (maintained) wiki-system each topic is represented by one article whereas in forums one topic
might be discussed in several threads.
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Documentation Creation and Maintenance
The creation and maintenance of portal documentation requires regular attention and
effort. It has to be ensured that the content of each description is up to date in case
that changes to the system affect the interface or process of a service. Although no
constant effort is required, a regular check should be scheduled to fulfill these tasks.
Otherwise the usage of the documentation will decline and users will rather contact
the portal responsibles in case of questions.
Whatever system is used for the provisioning of documentation, a further challenge
is to inform users about its existence (Davenport et al., 1998; Benbya et al., 2004). If
the documentation is stored in a system that users do not know they will rather ask
all their questions to the portal administrators or follow the informal path of asking
colleagues. Creating a system that integrates knowledge in working processes (Sten-
mark and Lindgren, 2004) will help to prevent such scenarios. In corporate portals it
is easily possible to display links to the documentation system and also to show links
to relevant documentation directly next to the service they document.
The process of informing users about the existence of documentation is more criti-
cal than having the most sophisticated documentation system implemented and run-
ning. Therefore, portal administrators should first aim at providing direct links to
existing documentation rather than changing the documentation system.
In summary, the key demands for the documentation concept are:
• implement procedures to keep the documentation up-to-date,
• allow users to easily change and add content on their own,
• provide both, short introductions and in-detail descriptions,
• ensure a high visibility and accessibility of the documentation.
2.4.2. User Trainings
A very effective but also expensive concept is the training of users in form of work-
shops or even as part of the introduction process of new employees. In such training
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sessions, all parts of a portal can be introduced. The trainings can focus on two as-
pects: the introduction of users to specific services and an overall introduction of the
general services available in the portal.
The realization of trainings requires a lot of effort. On the one hand, a person is
required who is able to explain the portal’s services, on the other hand, portal users
have to take the time to attend such a training session. In larger international compa-
nies these preconditions can become very expensive. However, this concept has the
highest potential of properly introducing users to the primary and secondary services
they need to accomplish their work.
The key demands to trainings are:
• identify all users who can benefit from training,
• determine the requirements of participants to keep trainings to the point,
• include a brief portal overview in each training session.
2.4.3. Internal Marketing
A very different concept is to actively promote portal services within the company.
Such marketing activities can take place inside and outside the portal.
Marketing within the portal can be rather subtle, for example, by highlighting links
to certain services or by moving them high up in the portal navigation structure. More
direct forms include displaying messages to promote a service. Such messages can
be shown on the start page, constantly in a banner, footer or even as pop-ups similar
to advertisements on Internet pages. The difficulty is to decide between the levels of
attention that each form can gain and to trade it off against its annoyance factor.
Outside the portal specific services can be advertised in newsletters, personal
emails or with links in other (intranet) sites of a company. Also, the mentioning of
services in the documentation of business processes (cf. Section 2.4.1) can be seen as
marketing measure. By providing a link to a service where a user can get the data
as described in the documentation, the reader might be motivated to visit the portal.
Similarly each report or other document that is downloaded from the portal could in-
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clude short information about the service that was used to produce this data as well
as link to its origin.
The difficulty with the marketing concept lies (i) in the decision, which services
to promote and (ii) in the possibly annoying effect of too many messages. The first
problem especially occurs in portals that serve multiple users from different areas of
work. Services should only be promoted if they are possibly relevant to the majority
of these users or the marketing measures need to focus in specific user groups. The
second issue is similar to problems with SPAM mails. If too many messages appear,
users will simply ignore them. Therefore, such measures have to be clearly limited.
The effort for internal marketing is relatively low. It has to be decided which ser-
vices to promote and how to transmit the message to users.
When implementing the concept of internal marketing, the following suggestions
should be considered:
• find a good balance between visible messages and annoying messages,
• ensure the relevance of each message for the majority the addressed users,
• limit the target group to possibly relevant users.
2.4.4. Recommender Systems
In contrast to the previously described concepts, a recommender system requires less
input from users or portal operators but much higher realization efforts. Based on
usage data or by comparing user profiles, a recommender system is able to auto-
matically compute personalized recommendations for services. By analyzing usage
patterns not only each user’s preferred services can be identified but also users who
have overlapping or identical usage patterns can be grouped together. By comparing
users within a group and by focusing on the differences in their preferences, possible
usage improvements can be determined. Figure 2.2 shows an example. Users A, B
and C all use services 1 and 2. Users A and B additionally use service 3. Since A,
B and C have a similar usage pattern, it can be assumed that service 3 might be of
interest to user C. A recommendation could be made to this user suggesting to him
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that he might want to test the service. Service 4 might also be of relevance to user
C but since only user B is using it, the relevance is most likely lower (it can be also
of relevance for user A, even more likely than to user C, because A and B have more
similar usage patterns).
A well-known example for such recommendations is the recommender system in
Amazon’s shopping portal. Whenever a user looks at a product, the system will rec-
ommend him a set of products that other users who also bought this product have
previously bought. These recommendations are shown with an image of each prod-
uct and a short description.
Within a corporate portal a recommendation system could be used to recommend
services, which might be of interest for a user, based on similarities in portal usage
patterns with other users. Such recommendations can be communicated in different
ways. They can be shown within the portal as additional links in the menu, in the ban-
ner, footer or anywhere else on a page. More obtrusive would be to randomly show
pop-up windows. Other forms of communication might include personal emails con-
taining all recommendations with a short explanation.
1
2
3
4
A
C
B
?
?
In use (relevant)
?
Not known
(relevance unclear)
n Service
Figure 2.2.: Usage-based recommendations. Based on similar usage patterns of users A and
B, services 3 and 4 could be recommended to user C who does not know the two
services yet.
Implementing a recommender system requires a higher initial effort for the im-
plementation but little maintenance effort. The system can automatically refresh its
recommendations and thus also automatically react to changes to the service portfo-
63
Chapter 2. Continuous Corporate Portal Engineering
lio. A big advantage is that it does not require any knowledge about the portal and
its structure since it learns from user behavior.
Almost no literature exists on the application of a recommender system to recom-
mend services in a corporate portal. Zanker and Gordea (2006) discuss the benefits
of implementing a recommender system in a knowledge portal. Raghavan (2002)
vaguely proposes the application of recommender systems to improve knowledge
discovery in enterprise portals. However, no case studies and in detail discussions
are available. This gap is addressed in this thesis.
The key demands to a corporate portal recommender system are:
• to inform users about the portal’s service portfolio,
• to identify and suggest the most relevant services for each user,
• to require little to no input from users,
• to run automatically without requiring constant attention by portal manage-
ment,
• to cope with heterogeneous users and services.
2.4.5. Portal Personalization
The provision of personalization features is a concept to better support users in nav-
igating the portal and to structure it so that it best fits each user’s requirement. Per-
sonalization features can be defined manually but can also be based on explicit user
profile data (Mobasher et al., 1999; Adomavicius and Tuzhilin, 2001) or on implicit
information such as usage statistics (Mobasher et al., 2000).
Several degrees of personalization are possible which range from feature based
personalization to global settings. A relevant aspect in the context of corporate por-
tals is the personalization of navigation. A very basic approach is showing a list of
quick-links containing each user’s most actively used services. Through quick-links,
users are able to switch between their favorite services without having to navigate
through the menu. A more advanced approach is the personalization of the entire
portal structure (Mobasher et al., 2000). This personalization does not necessarily
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have to be provided for each user but rather for user groups with similar interests.
E.g. if a portal is used by several departments, a personalized portal could be offered
for each of them. Each customized portal view would be structured such that it best
supports the individual department’s needs.
Disadvantages of personalization are the high effort which is required to imple-
ment such features but also possible confusion among the users. Moreover, using
explicit user data as basis for personalization would require this information to be
collected in the first place. When offering multiple personalized portals with the same
set of services possible exchange between users from these portals has to be consid-
ered. If a user recommends another to have a look at a certain service, confusion will
arise when the other user sees a different navigation structure due to personalized
portals. However, these disadvantages are mainly based on communication matters.
The key question is the evaluation of the benefits that personalization can bring com-
pared to the required effort.
Personalization features should meet the following demands:
• require little to no input from users (e.g. profile information),
• keep personalization at a normal level (no over-specialization),
• inform users about personalization features.
2.4.6. Design and Usability Reviews
Design and usability engineering are usually considered as tasks of the initial devel-
opment phase rather than being seen as part of the continuous engineering process.
Authors such as Nielsen (1999), Abdinnour-Helm et al. (2005) or Shneiderman (1998)
provide very resourceful descriptions of this process. In the context of this thesis,
design and usability are listed with regard to the nature of corporate portal services
and their user base. It has been described that corporate portals can provide different
types of services to very heterogeneous users with different requirements and back-
grounds. Taking into account that both, the service portfolio and the user base, are
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subject to changes, e.g. the implementation of a new set of services, the usage patterns
and the requirements to the portal’s design might change.
If, for example, the initial version of a portal was designed for a specialized group
with few users, it is likely that no major effort was taken to ensure a good interface
design and high usability. The reason is that users are specialized in this process and
also can easily be trained due to the small size of the group. With the addition of new
services and new users, the services might need to be redesigned to be usable for
other users who are less specialized than the initial user base. Whenever the design
is changed to provide a better usability, all users of the service should be informed so
that they can adapt to the changes. Although a higher usability is expected with the
new design, they will have to change their usage patterns.
In summary, this concept is more relevant for a corporate portal that offers complex
services such as the application integration type. The key demands are:
• review design and usability with focus on unspecialized untrained users,
• communicate design changes to users.
2.4.7. Matching Concepts and Tasks by Portal Types
Each of the presented concepts has the potential to support certain tasks. E.g. docu-
mentation is, naturally, assigned to the task of documenting the portal but also helps
users to search for services or features and further can be used to train users in the
usage of services. By adding links to related services into a service description, it can
also help in the task of recommending. Table 2.3 shows the relationships between
tasks and concepts.
Except for documentation, each concept is closely related to one task. E.g. a recom-
mender system is good to recommend services but has no major benefit for the other
tasks. Offering trainings can also be seen as a recommendation because training ses-
sions can be used to teach users about other services.
The decision of which concept to follow also depends on the type of portal and its
evolutionary stage (cf. Section 1.1.3). Table 2.4 shows a matrix for each portal type
and concept with a short estimate with the relevance for each combination.
66
2.4. Concepts to Support Portal Engineering
Search Recommend Document Train Navigate Design
Documentation G# G#   # #
Trainings # G# #  # #
Internal
Marketing
#  # G# # #
Recommender
System
#  # # # #
Personalization G# # # #  G#
Design &
Usability
# # # # G#  
 : high relevance, G#: medium relevance, #: low relevance
Table 2.3.: Relationship between tasks in portal in engineering and related concepts.
Although documentation appears as good concept for all types of portals regard-
less of the evolutionary stage, it is more useful in case of application integration por-
tals where complex services might lead to more questions as compared to an em-
ployee portal. Still, the more a portal grows, the more helpful documentation con-
cepts such as quick demo tours through the portal become.
Similarly, trainings are helpful to explain complex services in an application inte-
gration portal but are not required for an employee portal. For business integration
portals that offer collaboration features, they can be helpful to enable users in bet-
ter using their individual service portfolio but are not necessarily required to explain
general tasks such as uploading a document into the portal through a corresponding
web form.
Internal marketing and recommender systems have comparable effects and can be
applied for all types of portals. Their relevance is higher if users do not search the
portal for other services.8 Both concepts, however, are only useful when the portal
is providing a large amount of services so that users can no longer oversee the entire
portfolio by looking at the navigation bar.
8Internal marketing is also useful even if users regularly search in the portal. However, it will have
comparably more effects in portals where users do not search.
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Business Intelligence
Portal
Application integration
portal
Employee portal
Documentation Useful for specialized
portals with
advanced services.
Useful and required
for all types.
Only useful if
complex tools are
offered.
Trainings Good to explain
collaboration tools
and complex services.
Especially helpful to
teach usage of
complex services.
Not required.
Internal
Marketing
Useful for advanced portals.
Recommender
System
Useful for advanced portals.
Personalization Good to provide specialized portals for user
groups in large portals.
Not required.
Design &
Usability
Reviews
Useful in case of
larger changes.
Important to cope
with portal growth.
Useful but not
important.
Table 2.4.: Support concepts analyzed for the applicability for different portal types.
Design and usability engineering in terms of re-evaluating the implemented ser-
vices is relevant for portals at a higher evolutionary stage (cf. Section 2.4.6). Similar,
personalization concepts should only be applied when the portal has reached a cer-
tain complexity level.
2.5. Chapter Summary
Constantly evolving corporate portals pose several challenges for the accompanying
engineering process. These challenges are identified and discussed in this chapter.
The focus in this chapter were tasks and challenges that occur during portal opera-
tion. Challenges related to the development process are well discussed in related soft-
ware engineering literature. The identified challenges have not yet been discussed in
scientific literature about corporate portals although the complexity of such portals
has already been identified by many authors.
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The challenges were derived by looking at different factors that result from portal
evolution. An import aspect is the complexity of corporate portals with heteroge-
neous user groups and service offerings as well as the user’s knowledge about the
offered services. Two missions are specified that help determining tasks that portal
responsibles should execute to meet the described challenges: (i) to support users in
finding relevant services and (ii) to ensure a good usability of the offered services.
The subsequently presented concepts to fulfill these missions cover a wide area of
procedures and tools. Concepts such as documentation and user trainings require
significant organizational effort and strongly depend on the participation of users
while others concepts such as recommender systems push information to users with-
out requiring any additionally effort from their side.
The decision to utilize a certain concept is case specific and depends not only on
portal type and evolutionary stage but also on the environment the portal is embed-
ded in and on other concepts that are already in place. This chapter was structured in
a way that it can serve as a handbook for analyzing an existing portal for identifying
current challenges and for selecting appropriate concepts that address the identified
challenges.
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Chapter 3.
Case Study: The Corporate Financial
Portal (CoFiPot)
This chapter presents the Corporate Financial Portal (CoFiPot) which is used by the
Finance Department of the Bayer AG for almost ten years. The portal is classified as
an application integration portal. The case study allows the analysis of the constant
engineering process, which was discussed in the previous chapter. CoFiPot was sub-
ject to constant change, leading to today’s role as the major tool within the Finance
Department.
The evolution of the portal is summarized and followed by an analysis of usage
patterns that allows the identification of several growth-related challenges. This eval-
uation is further strengthened with the results from an expert interview among man-
agers of the Finance Department.
Based on the findings the concept of a recommender system is selected as the most
suitable tool for the current stage of the portal’s development. The core requirements
to such a system are therefore determined to serve as starting point for implementa-
tion.
3.1. A Portal to Support Bayer Finance Department
The Bayer Group is a German chemical and pharmaceutical company with its head-
quarter in Leverkusen. It is organized as a holding company with three subgroups
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representing the core businesses - HealthCare, CropScience and MaterialScience - and
three service companies. These subgroups and service companies operate indepen-
dently, led by the corporate center in Leverkusen. Together they consist of more than
350 subsidiaries globally. Among the large product portfolio are well-known prod-
ucts such as Aspirin, Alca-Seltzer, many types of paints and agricultural pesticides.
The company employs a workforce of 108,400 employees.1 In 2009, the Bayer AG
generated revenue of e31.168 billion with an operating income (EBIT) of e3.006 bil-
lion.1
The Bayer Group Holding is globally responsible for the Group’s financial and tax
management. The principal objective of the Finance Department is to ensure optimal
management of financial risk in the Bayer Group. This should ensure that the Bayer
Group can implement its strategy and meet its payment obligations. It is responsible
for all funding operations and thus steers all procurement and allocation activities
centrally. The performance of financial and tax management is continuously moni-
tored against benchmarks. The core activities of the Finance Department are focused
on the following value drivers:2
• optimizing the capital structure/minimizing the cost of capital,
• minimizing tax liability,
• improving financial cash flow,
• portfolio optimization,
• optimal asset management for the pension fund and
• minimizing the organization costs of the Finance Department.
The Finance Department is structured in six departments which are shown in Fig-
ure 3.1. A risk committee, which meets on a monthly basis, has been established to
monitor central risk management and define strategies. Therefore, monthly status,
risk, and performance reports have to be created. Country and regional F&A (Fi-
nance and Administration) managers coordinate local activities with the holding’s
corporate center.
1Annual Report, http://www.annualreport2009.bayer.com/, retrieved March 2010.
2Based on Bayer Group Regulation No. 1053, effective July 1, 2007.
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Figure 3.1.: Bayer Corporate Finance organizational structure.
Being responsible for the non-operating result and risk management, an important
part of the Finance department’s work consists of aggregating and processing data
from and delivering information to the subsidiaries and the F&A managers. Some
of the key data requirements are financial planning data, interest rates, bank account
balances, predicted cash flows and commodity information.
3.1.1. Implementation and Evolution of CoFiPot
Several applications are running at the corporate center to collect and process all fi-
nancial information. Further resources that are often linked to the central systems are
used at many other locations. In addition to these applications external and internal
services as well as internal databases serve as data sources such as internal organiza-
tional data, market data, bank account information and many more. To distribute the
data and services from the different sources to all subsidiaries worldwide the Corpo-
rate Financial Portal was developed and made accessible for all employees in 2001.
The primary objective of this portal is to provide a central point of entry for all kinds
of financial services for the global financial community of Bayer (Vo, 2007). Figure 3.2
shows the portal’s start page. Is position within the system landscape of Bayer as of
2010 is displayed in Figure 3.3 which demonstrates its role as gateway to the various
systems and databases as described in Section 1.4.
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Figure 3.2.: CoFiPot start page (June 2010) with market data, random user picture and links
to other services.
The operation and development of CoFiPot is one of the responsibilities of the
Corporate Financial Controlling (CFC) department which is also responsible for all
other finance systems within the corporate center.
Since its start in 2001 CoFiPot has been continuously extended with new services as
well as existing services have been updated to meet new requirements. This evolution
can be separated into three phases which took partially place in parallel (Elsner and
Krämer, 2010b):
• application integration and data collection,
• development of intelligent services and
• extension with assistance services.
Phase 1: Application Integration and Data Collection
Initially the development of CoFiPot was focused on the task of implementing a
central interface to all stakeholders. This system should allow access to the most
important financial applications and data sources. Previous to the implementation
employees from subsidiaries (especially those from non-European countries) did not
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Figure 3.3.: Bayer Corporate Finance system landscape (as of 2009).
necessarily have direct access to these and had to rely on the finance department to
forward information. Many applications and data sources were simply not known
to them. A further goal was to streamline the collection process of financial data
from subsidiaries by implementing a central database with interfaces accessible for
all subsidiaries. The idea was to replace the process of manual data collection via
email exchange. Instead of creating a new application for this task, the corporate por-
tal concept was chosen to implement the required interfaces for those databases - at
this time a very new technology.
The key factors for the implementation of a corporate portal solution were fourfold.
The technology allowed the development of optimized interfaces for the management
of financial data. Instead of having to train all employees with the handling of the
rather complex interfaces of the underlying financial systems, which allow the exe-
cution even of highly complex financial transactions (in the following: trades), sim-
plified interfaces were generated covering the majority of the trade types that were
entered by users outside the corporate center (cf. Shneiderman, 1998; Aneja et al.,
2000). Thus only few employees remained that had to be trained in the handling
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of the underlying applications, most of them situated in Leverkusen. Furthermore
the portal prevented the need to install and maintain software on the workplaces of all
employees who require access to the system (cf. Section 1.2.1).
With the integration of external service providers the portal could distribute external
data throughout all finance areas. These services included up-to-date market infor-
mation such as exchange rates and stock prices and also account balances. The data
from these services is also included in the generation of simple reports that, for ex-
ample, combine data from the finance systems with current exchange rates. Several
services were created to generate such simple reports and charts. For these, several
interfaces between the various systems and CoFiPot were implemented. Thus the
portal could access and aggregate all available information and process it to reports.
The fourth factor was the afore mentioned creation of databases for the aggregation
of data from all subsidiaries. In contrast to the interfaces to existing systems, new
processes were implemented that replaced the manual collection of this data. The
new process did not only streamline the procedure by abolishing the need for an
intermediate in the corporate center, who had to communicate with all subsidiaries.
Responsible persons for local data could now not only enter the data by themselves,
the process also enabled them to check and adapt their data rather without having
to request the latest status from headquarters. The portal technology facilitated these
processes to such an extent that new demands for more detailed data emerged.
Phase 2: Intelligent Services
The integration of several applications and services leveraged the potential of the
portal to combine all sources for the development of intelligent services. These new
set of services followed three basic concepts: the compilation of complex reports which
themselves could serve as new input to other services and processes, the creation of
intelligent services that are able to execute processes semi- or fully automatically and
the interaction of services following a business process chain.
Complex reporting services leverage the availability of connections to multiple data
sources within the company. With Bayer’s heterogeneous system landscape within a
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constantly changing environment3 creating reports was not possible without having
to manually collect the data first from various systems. A variety of reports, especially
for risk management purposes, were implemented in CoFiPot. Before, these reports
had to be manually compiled, which required several days. With the new services
that provide these reports it is a matter of minutes not requiring any manual input.
In addition to the consolidation of similar data sets from various sources4 the quality
of the reports is enhanced by joining further information such as accounting rates
for variable report dates. The new simplicity of generating such reports allowed the
implementation of subscription services. Users can choose to subscribe to any report
and have it delivered to their mailbox at scheduled times (cf. Section 1.2.3).
Beside those reports intelligent services were introduced in the second phase. They
analyze data and provide recommendations for transaction or even execute such
transactions automatically. Such services derive proposals from monitoring the sta-
tus of transactions or other key indicators. In case of events such as the maturity of a
transaction or the input of a new deal they analyze the new state and issue proposals
based on predefined rules. Such proposals are either sent to responsible employees
or even automatically executed (cf. Section 1.2.3).
An example for such a service is the auto-hedging service (Vo et al., 2005). This ser-
vice analyzes the data of all upcoming foreign exchange (FX) deals of all participating
companies within the Bayer Group. Usually all deals in a foreign currency have to be
insured against currency fluctuations by closing hedging deals. When such hedging
deals are closed with financial institutions or other trading partners, fees have to be
paid. These fees can be saved by internally clearing deals in the same currency. As-
suming that company A (A is a subsidiary of the Bayer Group) will receive a payment
of 200 million USD and company B (B is also a subsidiary of the Bayer Group) has
to pay an amount of 150 million USD, these two deals can be internally allocated so
that the external risk only consists of the remaining 50 million USD. The Bayer Group
3For example, with the takeover of the Schering Group in 2006 several new systems had to be linked
to the infrastructure.
4An example for such similar data sets that is stored at various sources are bank account balances.
They are either entered (through a CoFiPot service) into a central database or directly imported
through external services from the banks.
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thus saves the fees if both deals had been hedged separately. All subsidiaries are re-
quired to report FX deals over a specific amount to Finance (using another service
in CoFiPot). The auto-hedging services continuously analyses all available data and
suggests internal hedges to the financial accountants. They can review all relevant
trade information through the portal and decide whether to settle the internal hedge.
In case the decision is taken, they only have to click once to start the trade execution
process in the underlying financial application.
The benefit of this service is that it (i) analyzes data from different sources and (ii)
directly allows execute the hedges rather than having to enter the trade in a separate
application. Vo et al. (2008) show the effects of this service compared to the previous
process and conclude that, based on the auto-hedging service, the number of internal
hedges has increased to a level which would not have been achievable with the old
processes.
Supporting business processes with multiple services is the third type of intelligent ser-
vices that was introduced in the second phase. The concept allows that several ser-
vices can exchange data to support complex process chains. An example is the in-
tegration of services for taxes. Initially stand alone services were implemented that
allow to record tax assessments, to perform tax computations and to manage tax dec-
larations. During the second phase those services were interlinked in such a way that
tax assessment data could be compared to the original computation and declaration.
In contrast to other services that also shared same data sets, the explicit connection
between services introduced a higher level of complexity. Two services that share the
same data do not necessarily need to know that the other service uses the same data
set. However, explicitly linked services are dependent on each other in a manner that
one cannot be used without the other. In other words: those services do not only
share data sets but also sets of rules.
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Phase 3: Assistance Services
All the services of the first and second phase are primarily focused on finance pro-
cesses. Third phase services aim at providing value added functionalities. These
services can be split into knowledge management and general support services.
Knowledge Management Services: Parallel to the implementation of CoFiPot a
knowledge management system was implemented for Finance. This system was sup-
posed to replace shared network drives and collect documentations, meeting min-
utes and all other types of documents. Often these documents included manuals
for CoFiPot services or underlying processes but also reports that were created in
CoFiPot. In contrast to CoFiPot services the usage of this system was not necessar-
ily required for employees to fulfill their tasks. In order to enter a deal, the stake-
holder had to use the corresponding service in the portal; however, often there was
no knowledge about the documents that explained the service and the underlying
process. On the one hand, users contacted support if they had any troubles with the
handling of CoFiPot services even though these questions would have been answered
by reading the documents in the knowledge management system. On the other hand,
the documentations were not updated by the persons responsible for a service since
they were contacted with general questions anyway. In the end, this vicious cycle
lead to a high number of outdated documents in the knowledge management system
as well as many support requests.
The concept for knowledge management services aims at providing the knowledge
where it is required. The first goal is to allow referencing items from the knowledge
management system to CoFiPot services. Thus a list of relevant documents can be
displayed next to a service enabling the users to access those with one click. The next
step will be the implementation of smart processes that automatically identify these
relationships. By integrating knowledge management services directly into the por-
tal, the incentive for users to read documentations and to keep the content up-to-date
will be higher due to the higher visibility of this data. Another benefit can be lower
requirements for the administration of documentations. The higher visibility of doc-
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uments can cause users to notify management about obsolete pieces of information
and thus prevent the knowledge base from containing outdated documents.
General Support Services: Several functions were integrated into the portal to pro-
vide quick access to common applications but also to make users feel more familiar
with CoFiPot. The first group of services consists of several links to other resources
within the Bayer intranet, an organigram of all employees in finance and the possi-
bility to search phone numbers in the Bayer phone directory directly from CoFiPot.
A rather simple service became quite popular. It randomly displays images of other
CoFiPot users on the start page (only of those users who approved (cf. Figure 3.2).
This feature even caught the attention of top-level management and lead to a sugges-
tion to other intranet application providers to implement a similar feature.
Although these services provide no direct benefit for Finance they can save users
the effort of changing between applications5 or simply make them feel more famil-
iar with the portal because they get to know the faces of others that use the portal.
The popularity of the organigram service indicates the relevance of such services (cf.
Section 3.2.3).
3.1.2. Major Milestones
The three development phases did not run consecutively but were rather overlap-
ping or in parallel. They can best be viewed as the progress that most of the larger
service groups within CoFiPot followed. While smaller services were implemented
and upgraded at all times in the ten years since CoFiPot’s initial implementation, sev-
eral larger projects can serve as milestones along the history of the project. Figure 3.4
shows the evolution of CoFiPot and emphasizes the key projects.
Tax Information System (TaxIS): In 2006 the Tax Information System (TaxIS) project
was started to support tax-processes through services in CoFiPot. The final goal of
5Many users have CoFiPot open in their browser at all times in order to follow the development of
the Bayer share or to use the direct link to the phone book or the organigram for the identification
of incoming calls.
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Figure 3.4.: Evolution of CoFiPot: Number of services and milestones.
the project was the support of the entire tax compliance process from tax computation
over tax declaration management up to tax assessment validation and appeal man-
agement. During the project’s initial phase two services were implemented to allow
the registration of tax assessments and the management of tax audit related issues.
In the second phase services for each of the remaining process steps were developed
and all services connected as described in Section 3.1.1.
The TaxIS project added an entire new group of six services to the portal’s portfo-
lio. It also increased the user base with employees from the tax department who had
not used the portal before. Extending the user base to a department that previously
did not use portal technology posed some challenges to portal management because
the new users were used to different working patterns and had not used any portal
services before (cf. Section 2.1.2). Also the type of the support process differed signifi-
cantly from the other services in the portal. The tax services are strongly interdependent
while most of the other services were rather stand-alone (cf. Section 2.1.1).
New Finance System: One of the reasons for the development of CoFiPot was the
wish to allow users to connect to the core finance application without local software
installations and extensive trainings on the software. Most of the services are us-
ing data from this application and often allow editing or entering its data. Starting
in 2006, the underlying application was changed to a different application. Since
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the original application was highly interwoven with almost every service and pro-
cess, this undertaking required a complete redesign of the system. The entire process
lasted almost two years. Although many services had to be significantly changed, es-
pecially the interfaces for users from outside the corporate center could be upgraded
with minor changes thus keeping training requirements at a minimum. During the
upgrade process the development of major new services was stopped.
Compliance and Incentive Services: Some services were implemented that are not
direct part of the finance processes. The first was a service that allows entering com-
pliance related data such as gifts or invitations from business partners. Another lately
added service shows the development of incentive programs that are based on the
performance of Bayer shares. Through this service all authorized users6 can follow
the status of their bonus base on a daily basis.
Both services draw users to the portal that originally would not know about
CoFiPot. This development, on the one hand, bears the chance of promoting the
portal among those users but, on the other hand, requires special attention in design
since those users are not necessarily used to the technology.
These three examples represent only a part of the services which were implemented
in the 10 years since CoFiPot’s introduction. They emphasize the challenges and ef-
fects of a growing portal environment.
3.1.3. CoFiPot Characteristics: An Application Integration Portal
The Corporate Financial Portal can serve as an example for an application integration
portal as described in Section 1.1.2. It demonstrates how various applications and
other sources are made accessible through one single gateway, thus saving the effort
of distributing the applications to all users and of training them in the handling of
different systems. Furthermore, it shows the potential that the connection of a com-
pany’s various systems at one place has. The portal’s reporting services combine the
6Authorized are all users above a certain career level within the company.
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data from various sources allowing instant in-depth analysis whose creation previ-
ously required an effort of several days.
With the latest addition of knowledge management components as described in
Section 3.1.1, the portal was enhanced with services that are inherent to business in-
telligence portals. It shows that the different portal types are not exclusive and that
constant portal evolution can even lead to a change of its characteristic. However,
in case of CoFiPot the focus of the portal remains on the integration of applications
while the knowledge management services only serve as assistance services.
The evolutionary stage as specified in Section 1.1.3 of CoFiPot can be defined as
specialized. The portal is focused on the finance department and offers services for all
types of processes of that department.
3.2. CoFiPot Key Figures and Usage Analysis
The portal has 5971 registered users and offers 72 services. These numbers and all oth-
ers in this section are taken as of April 30, 2010. The usage of the portal is constantly
monitored. In the first years of operations usage analysis was performed using server
log files. These log files did not include any information about the active user except
his computer’s IP address. Since autumn 2008 the monitoring tools have been ex-
tended to include user information such as the roles of the user and some further
profile data (of all users who have logged in to the portal). All data however is au-
tomatically anonymized so that the real user cannot be derived from this set of data.
This section presents key figures and statistics taken from the log files and historic
figures about the portal.
3.2.1. User Base
In theory every person with access to the Bayer intranet can access CoFiPot. These
visitors will only see services which are not protected (cf. Section 3.2.3). In order to
provide access to protected services, users are assigned to roles (cf. Section 3.2.2).
Users are automatically authorized based on their intranet identification; they are not
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required to manually sign in (single sign-on - cf. Section 1.2.2).7 In case the user al-
ready exists in the portal database, his credentials are automatically loaded. Thus, he
has direct access to all authorized services without the need to sign in. New users
are added to the database without getting any special access permissions. Admin-
istrators can later assign additional rights. They can also add new users who have
not yet visited CoFiPot. When those users visit the portal for the first time they will
automatically get the rights that were already assigned in advance. For every user
the date of the last visit is stored.
Based on this, the 5971 registered users can be distinguished by their activity level.
Table 3.1 shows the numbers accordingly grouped by the number of visits per month.
The table further shows the share of users in each group who are assigned to any roles
so that they have access to more services.
All users who have not accessed the portal within half a year are not included in
these and all further statistics.
Activity Level Users With roles
Per group Total Per group (%)
Every month (>10 visits) 93 93 86 (92.47%)
Every month (<= 10 visits) 825 918 336 (40.73%)
Every other month 1592 2510 356 (22.36%)
Remaining 3407 5917 317 (9.30%)
Total 5971 1095 (18.34%)
Table 3.1.: Active and inactive CoFiPot users and share of users who are assigned to roles
(based on data from November to April 2010).
The data shows that 93 (1.56%) of all 5971 active users visit the portal more than
10 times per month with 4999 (83.72%) users accessing the portal less than once per
month. This high rate of seldom visits is explicable with the fact that many users
access the portal to retrieve information from its start page. This page provides im-
portant exchange rates, the share price development of the Bayer stock and access
7Before October 2009, every user who required access to secure services had to sign in manually to
access protected services. Therefore, two visits from a single user with one being signed in and the
other anonymously could not be linked to each other up to this date.
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to the Bayer phone directory and other sites within the Bayer intranet. Each person
who visits the portal is automatically registered in the user database the moment he
accesses any of its pages. Visits to the start page are, however, not included in the
analysis of portal visits because it is impossible to distinguish between real visits to
the portal and “wrong” visits caused by users who set CoFiPot as start page in their
browser.8
The high percentage of users with roles in the more active groups appears logical.
Users who need to be authorized to access protected service will require these services
for their work. It can therefore be expected that these users are rather active.
User Profile Data: For each user information such as his user ID, his assigned roles
and the date of the first and last visit to the portal are available. In addition each user
can provide further information (and upload a picture that is randomly displayed to
all users on the start page). Among these additional pieces of information are some of
relevance to identify users groups with similar preferences or tasks: the department
the user is working for9, the types of processes he is involved in10 and information
whether the user is working at the corporate center or at a subsidiary.
Users are encouraged to provide this additional information. However, only 13.5%
of all users have chosen to do so.
The log files of the portal also include this additional information except for the
user’s ID. Thus for each visitor to the portal, information about his roles (always),
departments and working area (if specified) is available for usage analysis.
3.2.2. Access Rights Management
CoFiPot uses a role based access management concept to control access to its services.
Some services are visible to every user but access to the remaining is limited to mem-
8It is not possible to determine whether users “use” any of the services on the start page since they
show all information without requiring any interaction from the user. Thus, even a planned visit
to the start page only consists of the initial opening hit (cf. Section 2.3.1).
9The department does not indicate the location of the user. For example, if a users specifies ’treasury’
as its department, it can be the treasury department of the holding or any subsidiary.
10In this case the selectable types cover broad areas of work such as accounting, taxes or FX-trading.
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bers with specific roles (cf. Section 1.4.4). In 2010 there were 68 roles. The process
of assigning users to roles can be initiated by management or by users themselves.
For new employees the required set of roles is often derived from their predecessors
as soon as the information about the new employee is forwarded to portal manage-
ment. In addition users request access to a service by sending an email or submitting
a predefined form in the portal. Services to which users have no access are not visible
in the menu but there is an additional site map that shows all services.11 Using this
site map a user can visit any service. However, if he is not authorized to access it, a
short description of the service is displayed together with a form allowing the user
to request access for it. By submitting the form, portal management will receive a
notification containing the message as well as additional information about the users
which allows them to decide whether to grant access or not.
3.2.3. Service Portfolio and Usage
The number of offered services in CoFiPot has grown to 72 services in its ten year ex-
istence (cf. Figure 3.4). This number does not include special services such as the start
page (which shows key figures such as Bayer’s stock exchange value and important
currency rates - cf. Figure 3.2) and portal specific services such as those to update its
own profile or access stored reports and documents as well as all portal management
services. Table 3.3 lists the services, grouped by the number of users who are autho-
rized to use them, together with additional information about the active usage which
is further discussed in the following section.
Service Usage
Based on the usage logs the number of users who actively use a service can be iden-
tified. Actively using a service in this context is defined as visiting the service at least
twice per month on different days. Table 3.2 shows the results of this analysis from
11There are a few services that are not listed in the site map. These services are too special to be of
benefit for anybody except the target group. They include all portal management services but also
special reporting services that are tailored for high management levels.
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the user perspective. It groups active users (cf. Section 3.2.1) by the number of ser-
vices they have access to and shows how many services they use regularly.
Used services Users Actual usage*
Per group Total Avg. StdDev.
> 15 services 8 8 22.00 10.16
> 10 services 11 19 12.27 1.42
> 5 services 67 86 7.24 1.27
> 2 services 236 322 3.52 0.72
Table 3.2.: Users grouped by actively used services (November-April 2010).
* Average number of services being per user in the group
The data does not include the majority of users who use less than two services.
The remaining 322 constitute 5.39% of the active users. One reason for these numbers
has already been explained with the fact, that visits to the start page are not included
in these numbers. It also shows that for the majority of users only one service is of
relevance and that only 86 (1.44%) use more than five services on a regular basis.
Privacy Issues
The previous sections showed that extensive information about visits to the portal
is logged. The log contains the visited service, the length of the visit and user data
which includes the user’s roles and, if available, additional information as described
in Section 3.2.1. Although the user’s ID is not saved in the log files, users could in the-
ory be identified by comparing the available data with the user database.12 To prevent
any issues regarding user privacy, each user has to accept the portal disclaimer which
was drafted in coordination with staff council. This disclaimer states that the log data
is not and will never be used to track working patterns of single users, to use any of
the log data for legal issues or to measure working performance of groups or single
users. This approach is in compliance with European (Art. 6 ff. RL 95/46/EG) and
German law (§§ 3 ff. BDSG). Privacy issues are further discussed in Section 2.3.1.
12The more information a user has provided, the easier the identification will be, due to the limited
number of users and high number of possible role-department information.
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3.2.4. Usage Pattern Analysis
To understand the overall usage patterns, Table 3.3 shows a list of all services grouped
by the number of users who are authorized to access these. For each group the num-
ber of users who actually use the service is provided. For example, there are six
services to which 250-500 users have access to. On average 444 users have access
to these services but only 80 are using them. The numbers show that (i) less than a
third of the authorized users use the services and (ii) that the usage of the services
strongly varies within each group. Further analysis of the usage numbers compared
to the number of authorized users reveal a group of popular services being used by
many users while others are only accessed by a minority of the authorized users. On
average 16% of each service’s authorized users are actively using it.13
Group No. of authorized users Services Used by
Avg StdDev Count Total Avg StdDev
All - - 23 23 471.33 879.42
1000+ 2440.00 1059.25 2 25 264.00 117.38
500-1000 623.33 34.02 3 28 173.00 53.51
250-500 443.67 55.87 6 34 79.67 60.36
100-250 184.67 50.90 3 37 74.67 30.92
50-100 61.20 8.65 6 43 11.30 10.94
20-50 31.00 7.82 15 58 9.94 11.12
10-20 14.27 2.16 7 65 9.77 37.44
<10 9.00 0.00 7 72 1.70 2.36
Total 136.82 407.85 72 124.79 449.11
Table 3.3.: CoFiPot services grouped by number of authorized users (November-April 2010).
E.g. three services can be accessed by 100 to 250 authorized users with an average
of 184.67 users for the group. On average 74.67 of these use the service.
Service usage does not only differ with regard to number of users but also depends
on the time of year for some services. As an example, Figure 3.5 shows the usage
numbers of four services for an interval of one year. One service (Cash Planning) is
used intensively towards the end of each quarter while the usage of the remaining
13This number excludes the services that are visible to all users.
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ones only shows minor fluctuations. The fluctuations are mainly caused by the re-
porting requirements of subsidiaries for the end-of-quarter and end-of-year closings.
73 Search for Affiliates 01.08.2009 293 1310 46
73 Search for Affiliates 01.09.2009 316 1553 85
73 Search for Affiliates 01.10.2009 449 2116 155 102
248 Daily Cash Planning 01.11.2008 706 8063 68
248 Daily Cash Planning 01.12.2008 704 8005 70
248 Daily Cash Planning 01.01.2009 587 6554 57
248 Daily Cash Planning 01.02.2009 669 7128 62
248 Daily Cash Planning 01.03.2009 659 7580 70
248 Daily Cash Planning 01.04.2009 685 6861 64
248 Daily Cash Planning 01.05.2009 584 6826 59
248 Daily Cash Planning 01.06.2009 621 7003 73
248 Daily Cash Planning 01.07.2009 733 7535 59
248 Daily Cash Planning 01.08.2009 568 7097 63
248 Daily Cash Planning 01.09.2009 639 7379 153
248 Daily Cash Planning 01.10.2009 644 7438 170
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Figure 3.5.: Service usage fluctuations in CoFiPot for four services in the period from Novem-
ber 2008 to October 2009.
New User Behaviour
To understand how users explore the portal and whether they look for other services
besides their primary set (cf. Section 2.1.4), the visits of new users during their first six
months after their first visit to CoFiPot were analyzed. Figure 3.6 shows the average
number of services that new users visited per month. It shows the visits of all users
(A) and also filtered for those among them who visited the portal at least once per
month in the monitored time period (B). Each column in the graph is split into the
number of services that users visited for the first time in the given month (1) and
those that they revisited. For example, in the third month after their first visit to the
portal, active users visited three services, 1.9 of which they had already visited in any
or both of the previous two months.
The analysis shows that new users barely browse through the portal to discover
its service portfolio. In the first month they just visit on average 2.4 services (Chart
A). The number of newly visited services afterwards declines. After six months new
users have visited 3.7 services in total although each new users initially has access
to 23 services (cf. Section 3.2.3). Focusing on active users (Chart B) increases the
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Figure 3.6.: Visited services per month by all (A) and active (B) users in the first half year after
registration. Values are split into services that were visited by the user in any of
the previous months and new ones.
numbers to 3.6 visited services in the first month and 8.1 in total. The fact that they do
not even once visit any of the other services strongly indicates that there is no interest
in finding more services or that they are not well informed about the potential of the
portal (Elsner and Krämer, 2010a). This confirms the assumptions that were made in
Chapter 2 that users of application integration portals do rather not browse the portal
to find other services, which might be of interest to them.
The following results of the expert interviews among managers of the Finance De-
partment will further support this analysis and provide information about the rele-
vance of CoFiPot as well as the perception of the portal in general.
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3.3. Identifying Key Challenges: Expert Interview
In autumn 2009 an expert interview was conducted targeting managers at Bayer Fi-
nance. This group included all financial managers whose subordinates use the portal
and who all are heads of finance departments at the corporate center as well as the re-
gional responsible persons - in total this group contains 15 managers. Nine managers
(60%) agreed to participate in the one hour semi-structured interview. The interview
aimed at analyzing three main questions:
• How do the managers see the relevance of the portal?
• What knowledge do they have about the service portfolio?
• Do they see the benefit of enhancing the portal with a recommender system?
In the first part the interview partners were asked to estimate the relevance of the
portal for their departments, to share their experience with the portal and to provide
ideas for improvements or to criticize aspects, processes or developments in the por-
tal’s evolution. The second part focused on the knowledge about the portal and its
services that the interview partners and their subordinates have. In the third part, the
idea of a recommender system for portal services was presented to collect feedback
about certain aspects of the system. In total the interview consisted of 24 main ques-
tions with several subquestions. Six of the questions required the interview partner to
classify in total 25 statements on a 5-point Likert scale from 1-5. The interview-sheet
is presented in Appendix D. The detailed results of these questions are summarized
in Table 3.4 at the end of this section.
Relevance of CoFiPot
Being asked for their general impressions of the relevance of CoFiPot the acceptance
of the portal within the Bayer finance community became obvious. The statements
ranged from “a tool that facilitates the execution of working steps” to the definition of
CoFiPot as “THE source for financial data at Bayer”. Among the benefits of the portal
the relevance for business processes is highest ranking while the role as a knowledge
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management tool is described as “less relevant”. All interviewed managers empha-
sized the high quality and reliability of the financial data in the portal’s many reports.
Two of them also see an important aspect of the portals success in its ability to “hide
the complexity of the underlying systems”, thus lowering the costs for entering and
retrieving data and lowering the effort for training. However one statement warned
that with the constant evolution of some services their complexity had become too
high, preventing inexperienced users from fully exploiting their benefits.
As shown in Figure 3.7, on a 5-point Likert scale (5 being the highest) the rele-
vance was classified as 4.2 (StdDev: 0.97) for the interview partners themselves and
4.1 (0.98) for their subordinates. This result confirms the afore listed statements em-
phasizing the important role of the portal for Bayer Finance. A third question asked
whether the portal supports the managers and their subordinates at the optimal level.
The average answer of 3.9 (0.95) indicates a high level but leaves room for improve-
ments.
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Figure 3.7.: Perceived relevance of CoFiPot for employees (A) and their subordinates (B).
Scale from 1 (no relevance) to 5 (high relevance).
To further determine the relevance of the portal one questions asked for the alterna-
tive systems or processes that could deliver the same services as CoFiPot. According
to the answers the main replacement for the portal would be a high use of Microsoft
Excel (six answers) and more effort for coordination via email and phone (four an-
swers). Three managers stated that the data-quality of the reports would be lower if
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the numbers were to be taken from the primary systems. Further investigation ex-
plained these statements based on the fact that many of the reports accumulate data
from various sources.14
The final question of the first part aimed at determining how managers value the
usage of the portal by their subordinates. Therefore, they were asked to rate the two
statements whether users could or should use the portal more often. The answers in
Figure 3.8 show that the first question (could) received higher agreement with 3.8
(0.75) than the second (should) with 3.0 (1.29). The higher estimate for the first part
is simply explicable since it would not make sense to want users to use more services
while similarly not seeing the potential. The overall indication from these answers,
however, is that the managers obviously do not see the usage of the portal at its
optimum level. None of them disagrees with the statement that it could be used
more.
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Figure 3.8.: Expert interview question: “The portal could/should be used more often.”. Scale
from 1 (totally disagree) to 5 (totally agree).
The answers to the first part of the interview show that the portal is of high rele-
vance for Finance. However, although management sees the various benefits of the
portal, the usage of the portal is estimated to be below its potential.
14Some data sets are stored on multiple systems with different attributes. Manually exporting each
attribute from the best source would require too much effort. Thus, some values would be missing
or be slightly different from the best possible result.
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Knowledge about CoFiPot
Managers estimate their overview about the portal and its services slightly better with
3.5 (StdDev: 1.20) compared to their subordinates with 3.1 (1.25). This rather neutral
results show that the overall knowledge of the portal is not very good. Especially the
results for the manager’s knowledge could be seen as alarming. If they do not have a
good overview of the portal and its services, they cannot advise their subordinates in
the usage of the portal. This is further supported by the demand for more information
about changes to the portal. Figure 3.9 shows the discrepancy between the perception
level of information about new services in the portal that is currently available and
the perceived need. The average information level is specified with 2.4 (1.36) while
the wish for more information is at an average of 3.9 (1.42). Similarly the need for
information about changes to existing services specified with 3.9 (1.36) differs from
the current level of 2.3 (1.03).
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Figure 3.9.: Information about new services: Status and requirements. Scale from 1 (totally
disagree) to 5 (totally agree).
In order to support the results from the log analysis, which showed that even new
users barely look at the portal’s service portfolio (cf. Section 3.2.3), the interviewed
managers were asked whether they themselves browse the portal for new service.
Only three replied with a value of 4 by an average of 2.1 (1.45). Comparing this result
to the estimate of their knowledge about the portal, which was specified with 3.5
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(1.20), can be used to speculate whether the entire service portfolio is even known
to the management level. Taking together these values leaves room for speculation
whether the answers about the manager’s knowledge of the portal reflect the real
level. Unfortunately the question of how many services they think the portal offers
was only answered by two interview partners. Therefore, no relevant comparison
between the perceived and real knowledge of the portal could be drawn.
To better understand how employees get to know the portal, each interview part-
ner was asked how their subordinates get to know the services in the portal that are
relevant for their work. Only two referred to process descriptions as the main source
of learning about the portal services. “Learning by doing” (four answers) and recom-
mendations by colleagues (three answers) seem to be the main factors that lead new
users to the portal.
Several proposals were made to raise the awareness of the portal itself and certain
services. Supporting the result from Figure 3.9 it was demanded by three managers
to increase the transparency of the portal and its development process. Also three
managers independently proposed to provide screencasts about the portal with one
respondent stating that “screencasts are way more efficient than any documentation”.
Offering workshops or personal trainings is seen as the most efficient way of finding
the right services for users; however, the high effort for such workshops was empha-
sized as a reason against this measure.
The expert interview showed the high relevance that CoFiPot has for Bayer finance.
Still a lack of information about the portal is obvious.
The third part of the expert interview regarding a recommender system is summa-
rized in Section 3.4.2.
3.4. Overcoming the Key Challenges: Introduction of a
Recommender System
The findings of the usage analysis show that the majority of CoFiPot users regularly
use one or two services. Furthermore, it was shown that even new users do barely
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No Question Avg StdDev
1 I am regularly informed about new services 2.39 1.36
2 I want to receive more information about new services 3.94 1.42
3 I am regularly informed about service updates 2.28 1.03
4 I want to receive more information about service updates 3.89 1.36
5 I browse the portal for services 2.11 1.45
6 Relevance of CoFiPot for interview partner 4.22 0.97
7 Relevance of CoFiPot for subordinates 4.13 0.99
8 The portal supports my work at optimum 3.94 0.95
9 The portal could be used more by my subordinates 3.83 0.75
10 The portal should be used more by my subordinates 3.00 1.29
11 I have a good overview of the portal 3.50 1.20
12 Subordinates have a good overview of the portal 3.13 1.25
Table 3.4.: Results of the expert interviews on a 5-point Likert scale.
browse the portal for other services. This underlines the characteristics of an appli-
cation integration portal being used as business tool to execute certain tasks. Users
access the portal to do this and immediately leave without looking at any other ser-
vice. Based on these findings it can already be concluded that the user’s knowledge
of the portal’s service portfolio is not on a very high level. This assumption has been
confirmed by the answers in the expert interview. The interviewed managers esti-
mated the knowledge level of themselves and of their subordinates to a neutral level.
Moreover, they agreed that users could and should use the portal more often.
The results show that a key factor to further increase the relevance and benefit of the
portal for the Finance Department, which is already on a high level as the interview
showed, is to better inform users (and management) about CoFiPot’s services. This
demand is equal to the mission to find relevant services as defined in Section 2.2.
3.4.1. Selecting a Recommender System as the right Concept
Comparing the requirement with the concepts that were presented in Section 2.4 and
also considering local realities narrows the list to internal marketing, recommender
systems and trainings. Design and usability engineering does not apply for the mis-
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sion. Personalized portals are not suitable due to the heterogeneous services that
CoFiPot offers. Many of the services are of relevance for multiple processes. Thus,
creating personalized portals with focus on special processes would be difficult. Also,
personalization still requires users to browse for new portals - a matter that is not
given in CoFiPot. Documentation was excluded for two reasons: (i) there is already a
knowledge management system in place that offers documentation of several services
and processes and (ii) experience has shown that users barely look at the documenta-
tion but rather contact support if there are any questions.
Of the remaining concepts, the recommender system was selected as most suitable
concept. Internal marketing was not considered because the very different user re-
quirements would have made the selection of the services to be promoted very diffi-
cult. Moreover, any actions including sending emails to users were refused by man-
agement. Trainings with the aim to present users all services in the portal would
require a considerable effort in order to reach all users who are not located at Bayer
headquarter. Table 3.5 summarizes the considerations for all concepts.
Concept Comment
Documentation Already available but seldom used.
Trainings Expensive to organize, especially for international users.
Internal
Marketing
Difficult to select services for promotion in heterogeneous
portals. Sending emails rejected by management.
Recommender
System
Good match. Requires no input. Able to cope with
heterogeneous content.
Personalization Difficult to provide. Still requires users to search by themselves
for services.
Design &
Usability
Not applicable to increase service knowledge.
Table 3.5.: Analysis of concept to increase service knowledge among CoFiPot users.
A recommender system matches the requirements of the above presented chal-
lenges. It can automatically identify possibly relevant service without the need to
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provide explicit information such as user preferences. Showing personalized recom-
mendations for services might motivate users to have a look at them compared to
browsing the menu.
3.4.2. Expert’s Evaluation of the Recommender System Concept
In the third part of the expert interview, the managers had to evaluate the concept of a
recommender system for its suitability for CoFiPot. They highly valued the potential
of the concept for all users with 4.1 (StdDev: 1.27) and especially for new users with
4.6 (0.53) as shown in Figure 3.10. In addition, being asked about the effects of such a
system, they positively rated the effect that it can increase the usability of the portal
with 3.7 (1.03).
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The recommender has potential to support all users.
New users will benefit from the recommender system
Figure 3.10.: Estimate of the potential relevance of a recommender systems for all and new
users. Scale from 1 (totally disagree) to 5 (totally agree).
Comments made during the interviews gave further insights regarding the wishes
and expectations to a recommender system. Four managers mentioned the high po-
tential for new users and for the introduction of new services. One confirmed the
before discussed challenges by stating that the complexity of the portal is very high
and that a recommender system is very suitable because it pushed users to explore
new services, on the one hand, but also supports them in their search for relevant
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services.15 However, three managers emphasized that despite the potential benefit of
a recommender system, its effects should also not be overestimated especially with
regard to frequent users of the portal. One mentioned trainings as an alternative al-
though he also identified the difficulty and costs related to this concept.
The results of the interview strongly support the idea of implementing a recom-
mender system into CoFiPot. Although such a system can have positive effects, they
should not be overestimated. The interview answers also emphasized the difficulty
of identifying relevant services.
3.4.3. Requirements to the Recommender System
In Section 2.4.4 the following key demands to a recommender system were defined:
• to inform users about the portal’s service portfolio,
• to identify and suggest the most relevant services for each user,
• to require little to no input from users,
• to run automatically without requiring constant attention by portal manage-
ment, and
• to cope with heterogeneous users and services.
Most of these can be copied to the requirements list for a CoFiPot recommender
system. There should, however, be no requirements at all to users in order to de-
rive recommendations. The high heterogeneity level of the portal is likely to prove
a challenge to the recommender algorithms. Also, the role of protected services puts
new demands to the system. Thereby the key question is whether protected services
should be recommended to users even if they do not have access, given the fact, that
the users are only authorized for protected services when the relevance has been iden-
tified combined with the analysis that the existence of secondary services which are
not necessarily known (cf. Section 2.1.4).16
15Quote: “Halb zog es ihn, halb sank er hin.”
16Whether and how to recommend protected services is discussed in Section 4.1.2.
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3.5. Chapter Summary
In this chapter the Corporate Financial Portal was introduced and classified as a spe-
cialized application integration portal. The relevance of the portal for the Finance
department is very high as it is used for most processes. Findings from the expert
interview underlined the high relevance of CoFiPot for operations of Bayer Finance.
The portal offers 72 services to 5917 active users from multiple departments. Sup-
porting business processes from all areas of the Finance department, the portal offers
highly heterogeneous services to users with not only heterogeneous requirements but
also different backgrounds. While some services are specifically tailored to one group
of users, many others have the potential to serve various groups.
As a current key challenge, which is caused by the growth of the portal since its
implementation in 2001, the users’ knowledge about the portal’s service portfolio was
identified. Analysis of usage patterns and an expert interview further revealed that
despite the high relevance of the portal users do not search the portal for services,
which might deliver additional benefits to their work. Accordingly, the managers
that were interviewed for the expert interview stated that they see potential for a
higher use of the portal. In the following sections and chapters focus will be laid
on developing a recommender system that copes with the challenge of introducing
service to users based on comparison to similar users.
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Recommender Systems for Corporate
Portals
The popularity of recommender systems has constantly increased since first imple-
mentations by Goldberg et al. (1992) and Resnick et al. (1994). These implementations
are not limited to scientific projects1 but are widely used in several web portals. Pop-
ular examples are Amazon’s book recommendation system, music recommendations
by last.fm2, Netflix’s movie recommendation system3 and Facebook’s friend recom-
mendation4 service.
Although different recommender systems exist for various fields of operations, the
purpose of all systems is similar. Mulvenna et al. (2000) describe the basic concept
of recommender systems “to provide users with what they want or need without
requiring them to ask for it explicitly”.
Recommender systems have become important components of portals, especially
in e-commerce portals. An indicator for this argument is the one million dollar price
that Netflix had offered for a recommender concept which can improve its own algo-
rithms (Bell and Koren, 2007).
1Examples for scientific recommender system projects are MovieLens (http://www.movielens.org),
Tapestry (Goldberg et al., 1992), GroupLens (Konstan et al., 1997).
2http://www.last.fm
3http://www.netflix.com
4http://www.facebook.com
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The wide range of applications for recommender systems is reflected in multiple
concepts tailored for the specific requirements and constraints for each field of op-
eration. Choosing the appropriate concept is a crucial task before implementing a
new recommender system. The selection process is thereby strongly dependent on
the goal of the system and on the environment the system is to be implemented in
(Adomavicius and Tuzhilin, 2005). For example, a recommender system that recom-
mends items based on content comparison is appropriate for news portals but will
not benefit a friend recommender system such as Facebook’s. Here, a recommender
system that analyzes relationships between users is more suitable.
Several factors have to be considered for the development of a recommender sys-
tem for corporate portals. Some of them are different to common recommender sys-
tems as discussed in scientific literature. These factors concern the components that
are available for the computation of recommendations and also the mode, how the
recommendations are communicated to the users.
This chapter discusses the special requirements to a corporate portal recommender
system. Based on the results an appropriate concept for the computation of recom-
mendations is selected from the wide range of technologies. This selection process is
discussed step by step to serve as guide for the development of such systems. Finally,
a methodology is presented to test the quality of a system before its final activation.
4.1. Setting the Framework for a Corporate Portal
Recommender System
The core demands to a corporate portal recommender system are (cf. Section 2.4.4):
• to inform users about the portal’s service portfolio,
• to identify and suggest the most relevant services for each user,
• to require little to no input from users,
• to run automatically without requiring constant attention by portal manage-
ment,
• to cope with heterogeneous users and services.
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To fulfill these demands the concept for the recommender system has to be devel-
oped by discussing the overall process to generate recommendations for users. As
first step, it has to be determined which data is available as basis. For the discussed
concept this is the data about users and services, which will be analyzed with regard
to their differences to recommender systems being used in public portals.
4.1.1. User Data Considerations
E-Commerce applications such as Netflix and Amazon have a user base of millions.
Corporate portals, in contrast, have significantly less users. Here, the numbers is a
few thousands users (cf. Section 1.3). According to Zanker and Gordea (2006) this
can cause problems with the computation of recommendations because not enough
information might be available to generate recommendations. However, they discuss
corporate portals with less than thousand users which are smaller than the corporate
portals being discussed in the previous chapters. Still, this matter might be one of the
reasons for the lack of scientific sources on this topic.
In a corporate portal environment with a relatively static number of users, who are
employed at the company, it can be assumed that more accurate profile information is
available compared to public portals.5 In addition to usage patterns, the department
and position of each user is available (Pazzani, 1999). Using single sign-on (cf. Sec-
tion 1.2.1), each portal visitor can be identified. Combined with further information
about the security roles of each user (cf. Section 1.4.4) more explicit data is available
that can be used to compute recommendations compared to public portals that de-
pend on each user to voluntarily provide this information. However, privacy consid-
erations have to be considered (cf. Section 2.3.1) which might lower the information
quality.
An additional aspect is the heterogeneity of the users which is higher in corporate
portals where users access the portal to fulfill different work tasks while visitors of
public portals usually follow a similar goal such as buying a book at Amazon or
5The user base of corporate portals might change due to corporate growth or reorganization. How-
ever, unexpected significant changes in the user base will not occur.
103
Chapter 4. Recommender Systems for Corporate Portals
choosing the next movie to watch at Netflix (cf. Section 1.3.2). Still, grouping users
by job tasks provides a set of smaller user groups with similar users (cf. Section 2.3.1).
4.1.2. Service Data Considerations
In a recommender system, items are recommended to users. In the context of this
work, items are services of a corporate portal and users the employees who use these
services. Similar to the number of users, the number of recommendable items is less in
a corporate portal environment with (a lot) less than 1000 items compared to pub-
lic portals with millions of books, movies or other items. Also, the items are rather
heterogeneous compared to other environments (cf. Section 2.1.1 and 2.1.2).
Interpreting Services as Recommendable Items
The definition of a service in a corporate portal depends on the granularity level that
the recommender system should support. On the one hand, all the functionality as-
sembled on a page of the portal can be summarized as one service; on the other hand,
each functionality can count as a single service. E.g. a service could be a site offering
to read and edit data but the functionalities to read and to edit could also each be
regarded as single service. Another example is a site that offers multiple reports. The
site itself can be regarded as a service or each different report individually.
The decision what to recommend as service depends on the goal for the imple-
mentation of a recommender system. The broader definition is suitable to familiarize
users with the overall portal’s functionalities. Users have to discover by themselves
which functionality of each recommended service is of relevance to them. The granu-
lar definition, in contrast, can present every offered feature. Recommendations in the
form of “do you know this report?” directly communicate the benefit of the recom-
mendation while the recommendation “do you know the reporting service” leaves
the user with the task of further exploration of a service’s features. However, the
number of recommendations will rise when using granular definitions. This can con-
fuse users and prevent them from further following recommendations.
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If the overall knowledge of the target portal among its users is already at a high
level, granular definitions are more suitable since they help in exploring the portal in
detail while broader definitions leads to a better overall knowledge. Thus, the deci-
sion depends on the data about portal usage and knowledge. Also, a combination of
both concepts is possible by differentiating between service and sub-service. Recom-
mendations could take the form of “do you know the reporting service? It offers the
functionality to request the report X which might be of relevance to you”.
Another option is to only show recommendations for sub-services to users while
they are using the parent service.
Service Access Restrictions
The access to several services might be restricted to certain users or user-groups (cf.
Section 1.4.4). Thus, not all services are visible to all users. While, in theory, every
user who should have access to a service will already have the required permissions,
this is not the case in reality. Often, portal management will simply not know that a
protected service could be of relevance to a certain user and thus do not grant access.
Three cases exist regarding the service visibility for a user:
• the service is visible,
• the service is not visible and not of relevance to the user,
• the service is not visible but could be of relevance while not breaking any clear-
ance levels.
This circumstance introduces a complexity for the computation and display of rec-
ommendations which is not inherent to common recommender system applications.
For example, Amazon’s recommender system does not have to consider whether a
book cannot be recommended to a user due to access restrictions. In a corporate por-
tal it has to be decided how to handle services that are not visible for a user.
The easiest solution is not to show a recommendation for the service. However, this
would prevent the detection of cases in which access is not granted only because it is
not known that it is of relevance to the user. Another solution is not to display such
recommendations to a user but to inform portal management that the system has
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detected a service which might be of relevance to the user. The responsible persons
can decide whether to grant access or not, thus manually confirming or rejecting the
accuracy of the recommendation. Also, each service’s attributes can be enhanced
with a flag that indicates whether the service should be recommended to users who
do not (yet) have access. In such a scenario an information text should be added
to the recommendation that informs the user about the services main features. This
message could even provide information about the process how the user can request
access to this service.
A further limitation can arise for services that should not be recommended at all.
This can be portal management services, highly specialized ones or those that provide
highly sensitive data to a fixed group of people.
These restrictions require an additional attribute for each service that indicates how
to handle its visibility. The following settings are thereby possible:
• recommend to all users, regardless of their access level,
• recommend to users, who have access, or
• do not recommend.
4.1.3. Overall Considerations
Several other factors have to be taken into account for the selection of a suitable rec-
ommender system besides the attributes of users and items. These factors concern the
overall objective for the implementation of such a system and minor issues in which
such a system differentiates itself from other recommender systems. The factors are
summarized in Table 4.1.
The objective for the implementation of recommender systems in e-commerce applica-
tions is to increase sales or popularity of items. Therefore, the recommender system
can play an important role in generating profit. In a corporate portal environment,
the role of the recommender system is to increase the usage of services that have the
potential to further support users thus contributing to their performance. However,
it is assumed that all users already know the primary services they require for their
work. Therefore, the role of the recommender system is likely to be considered less
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Attribute Common Context Corporate Portal Context
Users - Number High (millions) Few thousand
- Heterogeneity Low High
- Information Usage data, voluntary profile + Department, position
Items - Number High (thousands to millions) < Thousand
- Heterogeneity Low High
- Item visibility All items public Role-based access
- New items Frequently Seldom
- Information Description, ratings,
comments
Description
Overall - Scalability Important Barely relevant
- Manipulation issues Critical Not relevant
- Role of the system Increase sales/visits Supporting concept
- Quality Find good items Find all good items
Table 4.1.: Differences between recommender systems in corporate portals and in common
context.
important. Accordingly, the system should not require users to provide any input to
receive recommendations.
The addition of new items to the system in e-commerce applications will be signifi-
cantly more frequent than in corporate portals where new services are, at most, intro-
duced every month. Amazon, for example, has thousands of new items per week if
not per day (Linden et al., 2003).
Due to the usually high number of users and items, the scalability is an important
factor for many recommender systems (Linden et al., 2003). Since the number of items
and users is significantly lower in corporate portals and unplanned increases are not
to be expected (cf. Section 1.3) scalability is no major issue for corporate portals.
Another more general aspect is the topic of manipulations to recommender systems.
A single user can create multiple accounts to manipulate ratings or descriptions of
items (Mobasher et al., 2006). Corporate portals will not suffer from this problem
for two reasons: According to Mobasher et al. (2006) a user requires several accounts
to manipulate the system. This is not possible in a corporate portal where accounts
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are created per employee. Furthermore, there is no benefit for users to manipulate a
recommender system in a corporate portal while, for example, sellers in public portals
will benefit from higher rankings. Therefore, the topic of manipulation is not further
discussed in this work. Relevant literature on manipulation detection is provided by
Resnick and Sami (2008), Mobasher et al. (2006) and van Roy and Yan (2009).
The quality of the recommendations6 is strongly related to the number of recommend-
able items and the size of the user base and also to the purpose of the recommender
system within the portal. In large recommender systems with many users and items,
the recommender algorithms have to be optimized to handle large amount of data,
thus possibly affecting the quality of the recommendations (Berkovsky et al., 2007).
However, if the recommendation of a relevant item is missed in a system with many
items, there are still enough other items with similar quality left that are recom-
mended. The miss of the one item will not have a significant impact (Hill et al.,
1995). Shardanand and Maes (1995) flag this scenario with the term find good items. In
corporate portals with comparably low numbers, quality will be more important than
scalability. Missing to recommend one relevant item does have a huge impact since
the overall number of relevant items is usually low. Therefore, the aim of a corporate
portal recommender system is to find all good items (Herlocker et al., 2004).
4.2. Choosing a Suitable Recommender Concept
In the context of this work, a recommender system is defined as a system that pro-
vides recommendations for items I to the users U of the system. Recommendations
can be created automatically or manually. Usually the target group consists of indi-
vidual users but could also consist of user groups.
Several classifications for recommender systems exist. They mainly differ in the
number of applied criteria for the classifications and sometimes in the order of the
classification hierarchy. Runte (2000) identifies four dimensions sorted in a hierarchy
while Adomavicius and Tuzhilin (2005) only propose two dimensions without a hi-
6Quality in this context stands for the ability of the recommender system to predict relevant items for
a user.
108
4.2. Choosing a Suitable Recommender Concept
erarchy (cf. Appendix E). Similarly, Schafer et al. (2007) differentiates by attributes of
the system which are not sorted.
The classification approach used for this work is based on a combination of the
classifications by Adomavicius and Tuzhilin and Runte. Figure 4.1 shows the selected
hierarchy with four dimensions.
Recommender 
Systems
Manual Automatic
General
Model-based Memory-based
Content-based 
filtering
Collaborative 
filtering
Individual
Hybrid filtering 
concepts
Demographic 
filtering
Figure 4.1.: Classifications of recommender systems based on Adomavicius and Tuzhilin
(2005) and Runte (2000).
The first two dimensions are not discussed in detail. Manual recommender sys-
tems require users to create recommendations for other users of the portal (Maltz
and Ehrlich, 1995). Automatic systems, in contrast, derive their knowledge from rat-
ings, usage patterns or META-information about each item. They do not necessarily
require manual input by users. Furthermore, they cover all users and items which
manual systems might not do. The concept is comparable to the concept described as
internal marketing in Section 2.4.3. The here required recommender system however
is supposed to automatically compute recommendation without as little manual effort
as possible.
At the next dimension that distinguishes between individual and general systems,
the decision for individual system is again given by the requirements to the system.
The goal is to create individually matching recommendations for users in an environ-
109
Chapter 4. Recommender Systems for Corporate Portals
ment with heterogeneous items. General recommender concepts, however, are only
able to recommend the most popular items based on usage or ratings (Schafer et al.,
2001). The disadvantage of general recommendations is (i) that they only recommend
the most popular items in the system and (ii) that they do not take user preferences
into account. Accordingly, it has been shown that the prediction quality of individual
system is significantly better (Konstan et al., 1997; Breese et al., 1998; Herlocker et al.,
1999).
4.3. Comparison of Filtering Techniques
An individual recommender system filters all available items (here, the services of-
fered by a corporate portal) for those that might be of relevance to a user. The most
popular filtering techniques are content-based filtering and collaborative filtering (Breese
et al., 1998; Runte, 2000; Adomavicius and Tuzhilin, 2005).
4.3.1. Content-Based Filtering
Content-based filtering is based on the assumption that items with similar attributes
will be equally valued by users. They recommend items to users if they match their
user profile (Buono et al., 2002; Schafer et al., 2007; Pazzani and Billsus, 2007). The
basic concept consists of three steps:
1. Determine and collect descriptions for each item. If only unstructured textual
descriptions are available, methods from information retrieval are used to con-
vert this data to structured information.
2. Determine attributes that describe the preferences of each user. These prefer-
ences can be requested explicitly or be determined implicitly by analyzing us-
age behavior.
3. Compare item attributes with user preferences to identify recommendable
items.
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Popular applications for content-based filtering recommender systems are news-
portals, restaurant-guides, TV-guides and online-shops (Pazzani and Billsus, 2007).
The concept is based on the availability of descriptive attributes for each item. Of-
ten, such information is already available. E.g. in movie-databases, book- and other
stores there are certain META-data such as genre, author/actors, description already
available for each product or movie (Basu et al., 1998). If such data is not available, it
needs to be added manually or be derived by using information retrieval techniques
(Marchionini, 1995; Adomavicius and Tuzhilin, 2005). An example is to describe ob-
jects with the Ontology Language (OWL) which makes it possible to compare items
(Hornung et al., 2007).
Advantages
The content-based filtering technique has four major advantages: (i) The process for
the generation of recommendations is transparent and easy to understand for and
communicate to users. For example, it is obvious to users of a news-portal that the
system will recommend articles about topics that are comparable to those they have
read before. The technique is (ii) independent of the number of items and users in the
system. This factor is especially positive for new users. As long as they provide their
preferences, the system will be able to find relevant items. The recommendations are
(iii) independent from other users in the system and the system can work without
the availability of a usage history. Similarly, new items can be recommended directly
if the META-data is available. Furthermore, (iv) for systems that already have the
required META-data set for the items, the implementation effort is low (Runte, 2000).
Disadvantages
Content-based filtering requires information about users and items. If such data is
not available it has to be created with significant effort (Shardanand and Maes, 1995).
In a corporate portal context, users would have to be motivated to provide their pref-
erences such as job requirements. It is even questionable whether they can provide
so detailed data that would allow the identification of matching services. The same
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problem arises for the description of items which has to be created by portal manage-
ment with high effort (Balabanovic´ and Shoham, 1997).
These challenges are amplified by the heterogeneity of users and services (cf. Sec-
tion 2.1.1 and 2.1.2). The detail level of each description has to be granular enough so
that the system can match them with the requirements of different target groups. The
characteristic of the content-based filtering technique to recommend items to users
with similar attributes will prevent the recommendation of items that do not share
enough attributes. In a heterogeneous environment, this will reduce the number of
recommended items because only similar items are recommended. Unexpected rec-
ommendations are very unlikely; the system is “overspecialized” (Montaner et al.,
2003; Adomavicius and Tuzhilin, 2005). Also, it is questionable whether the attributes
are always able to represent an item so that it can be compared to others (Balabanovic´
and Shoham, 1997). This is especially the case if the items are of different types
(Burke, 2002).
Furthermore, the recommended item’s quality is neglected. Recommendations
are created based on their attributes and not on popularity or other quality metrics
(Shardanand and Maes, 1995; Balabanovic´ and Shoham, 1997; Schafer et al., 2007).
Although the system can directly create recommendations for new users who have
provided their preferences, the opposite effect arises for users who do not provide
any information (Runte, 2000). The system cannot create recommendations without
the explicit input of user preferences.
4.3.2. Collaborative Filtering
The term collaborative filtering was introduced by Goldberg et al. (1992). They im-
plemented the technique for the experimental mailing system Tapestry that recom-
mended interesting mails based on ratings by other users.
The technology is based on the assumption that users with similar preferences will
comparably value and rate items and uses statistical correlation between historic rat-
ings of items from different users (Shardanand and Maes, 1995; Montaner et al., 2003;
Schafer et al., 2007). Sarwar et al. (2001) describes the process as follows:
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“The goal of a collaborative filtering algorithm is to suggest new items or to predict
the utility of a certain item for a particular user based on the user’s previous likings
and the opinions of other like-minded users.”
In an environment with m users U = {u1,u2, ...,um} and n items I = {i1, i2, ..., in}
each user u has expressed an opinion for several items Iu. Opinions are represented
by a rating r, usually on a numeric scale. Ratings can be stated explicitly or implicitly
derived from historic purchase data, from analysis of page views or from other min-
ing techniques (Konstan et al., 1997; Terveen et al., 1997). For Iu the following rules
apply: Iu ⊆ I and Iu can be empty. Thus, each user has a mean rating of
ru =
1
|Iu| ∑i∈Iu
ru,i (4.1)
Likewise the mean rating given to each item i is
ri =
1
|Ui| ∑u∈Ui
ru,i (4.2)
where Ui is the set of users who have rated the item i on a given scale.
The collaborative filtering technique predicts for an active user a ∈U the likeliness
of an item j /∈ Ia. The predicted value pa,j is calculated with
pa,j = ra + κ ∑
u∈Uj
sim(a,u)(ru,j − ru) (4.3)
The factor sim(u, a) represents the similarity between the active user a and all users
u⊂Uj that have rated item j. κ is a normalization factor such that the absolute values
of the similarities sum to unity (Breese et al., 1998).
The prediction pa,j is calculated for each item. Sorting the predictions delivers a
list of items Ip ⊂ I, that the active user will probably like the most where Ip ∩ Iu,a =
Φ. Figure 4.2 displays the basic concept. The collaborative filtering (CF) algorithm
calculates predictions for all items j that the active user a has not rated yet. The
resulting top-N predictions pa,j are shown in a list as recommendations.
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Figure 4.2.: The collaborative filtering process (Sarwar et al., 2001).
Preconditions
Collaborative filtering is based on the availability of ratings for the items in the sys-
tem. These ratings can be expressed explicitly by users or be derived from usage
data. All ratings have to be limited or converted to a comparable scale (e.g. a five-
point Likert scale - cf. Section 4.4.1). Since the computation of recommendations is
based on comparing ratings, the system will only function properly if enough rat-
ings are available. Users who have not provided any ratings (and also new users
who have no history in the system) cannot be recommended any items and no rec-
ommendations can be computed for items that have not been rated. Furthermore,
in order to compute similarities between users, overlapping ratings for items are re-
quired (Billsus and Pazzani, 1998). If no overlapping ratings exist, the collaborative
filtering algorithms will not work.
Advantages
The main advantages of the collaborative filtering technique are (i) the independence
of any descriptions for items and, thus, (ii) the ability to handle all types of items re-
gardless of their attributes - no domain knowledge is required (Bell and Koren, 2007)
- and (iii) the inclusion of subjective user opinions in the computation of recommen-
dations.
Using opinions about items rather than their description (cf. content-based filter-
ing in Section 4.3.1) saves the effort of manual input or automatic identification of any
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such attributes. Furthermore, the technology considers likes and dislikes of users. If
an item is not popular among users, it will receive low ratings and thus will either
not be recommended or receive a low prediction value. Popular items will be recom-
mended, even if they objectively do not appear to be relevant to some users. Such
unexpected effects are one of the main strengths of the collaborative filtering technique
compared to content-based filtering because they allow identifying cross-genre items
(Burke, 2002; Bell and Koren, 2007). This behavior is especially helpful to provide
recommendations in heterogeneous environments such as corporate portals.
Focusing on the input demands to users, the technique only requires ratings for
some items in the system. If such ratings are derived implicitly, users are not required
to provide any input such as personal preferences.
Disadvantages
The dependency on ratings leads to problems with starting a new recommender sys-
tem. Without any ratings, no recommendations can be calculated. This matter also
applies for new items and users. Neither items that have not been rated nor users
who have not provided any ratings are included in the recommendation process.
Literature calls these problems the new-item and new-user problem (Balabanovic´ and
Shoham, 1997; Baudisch, 1999; Buono et al., 2002; Zanker et al., 2007; Schafer et al.,
2007). Hybrid filtering techniques are suggested to overcome them (cf. Section 4.3.4).
In contrast to content-based filtering, the recommendation creation process is not
transparent to users. Unexpected recommendations might not seem logical to the
recipient. This lack of transparency leads to the perception of a black-box system and
lower the trust into the system (Goldberg et al., 1992; Resnick et al., 1994; Hill et al.,
1995; Sinha and Swearingen, 2001; Massa and Avesani, 2004).
The collaborative filtering technique is based on subjective criteria and does not
include objective ones. Thus, any available attributes are ignored (Runte, 2000).
A further disadvantage is the sparsity and coverage problem. The terms describe the
problems related to missing ratings, especially in systems with thousands of items.
If an item is not or seldom rated, it will not be included in any recommendations or,
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if only few ratings exist, the predicted will be low. This matter is strongly related to
the new-item problem. The term sparsity describes the percentage of items that a user
has not rated. In large e-commerce applications with millions of items the sparsity
is usually high (Billsus and Pazzani, 2000). The term coverage is used to specify the
percentage of items that are covered by the recommender system. Sparsity and cov-
erage problems occur in systems with many more items than users (Balabanovic´ and
Shoham, 1997; Sarwar et al., 2001; Wang et al., 2006).
A last disadvantage occurs for users with very special preferences. If few or no
overlapping item ratings exist between them and other users, they will not receive
any recommendations.
4.3.3. Content-based vs. Collaborative Filtering
The advantages and disadvantages of content-based and collaborative filtering meth-
ods are summarized in Table 4.2. The comparison shows that the methods are based
on fundamentally opposing concepts. Content-based filtering is entirely based on ob-
jective criteria and collaborative filtering on subjective ones. Accordingly, the content-
based filtering concept requires a description of each item and preferences for each
user while collaborative filtering ignores any of such information. Therefore, it is pos-
sible with collaborative filtering to compare items regardless of their attributes also
across different genres.
Content-based filtering Collaborative filtering
Advantage - Transparent - “Unexpected” recommendations
- Supports systems with few
users and items
- Supports heterogeneous
systems (cross-genre)
- Uses subjective criteria
Disadvantage - Overspecialization - Intransparent
- Ignores subjective opinions - Ignores objective criteria
- Requires META data - New-item problem
- Overspecialization - Sparsity
- no cross-genre
recommendations
- New-user problem
Table 4.2.: Comparison: Content-based and collaborative filtering.
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The collaborative filtering concept is more suitable for the application in corporate
portals. The main reasons are its ability to handle heterogeneous users and items (cf.
Section 2.5) and the independence from user input such as preferences or item de-
scriptions. Content-based filtering, in contrast, requires every service to be described
in details so that the potential relevance for users from different departments can be
identified.7 Furthermore, each user would need to provide his preferences. Also,
some of the disadvantages of collaborative filtering do not apply for corporate por-
tals: New users are initially told which primary services to use (cf. Section 2.1.4). Thus,
the new-user problem will not arise. New services are introduced upon request and
therefore have an initial set of users. Regarding sparsity and coverage: the number
of services is less than the number of users and it can be assumed that each service
is used by several users. Therefore, these problems should not arise in a corporate
portal recommender system.
4.3.4. Hybrid and Other Filtering Concepts
Demographic filtering is further technique that uses demographic features representing
users to learn relationships between an item and the type of people who like it (Kobsa
et al., 2001; Montaner et al., 2003; Zanker et al., 2007). This information is used to clus-
ter users and derive recommendations for each group. The technique is not suitable
for a corporate recommender system for two reasons: it generalizes user interests
and thus tends to generate rather impersonalized recommendations (Montaner et al.,
2003). Furthermore, it would require highly detailed information about each user’s
interests to be able to match heterogeneous users and services. This contradicts the re-
quirements specified in Section 4.1.1. Therefore, the demographic filtering technique
is not further discussed.
Other techniques are presented as novel approaches such as utility-based filtering
(O’Mahony et al., 2004) and knowledge-based filtering (Schmitt and Bergmann, 1999;
7Different departments often have different wordings for comparably issues which will be reflected
in service descriptions and user preferences. Thus, a service description would need to include
terms from both sides (cf. Section 2.1.2).
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Towle and Quinn, 2000). However, these are merely sub-types of the content-based
filtering technique (Huang, 2008).
The application of one filtering technique does not necessarily exclude the others.
Several hybrid techniques exist which combine the strengths of each technique. An
early example is the experimental mailing system Tapestry which combines collabo-
rative and content-based filtering techniques (Goldberg et al., 1992).
The goal of such systems is to gain better performance while minimizing the draw-
backs of the individual technologies. Most commonly, collaborative filtering is com-
bined with other techniques (Burke, 2002). Different types of hybrid systems exist
which are summarized in Table 4.3. Burke (2002) provides an excellent detailed dis-
cussion of the various hybrid concepts. The general conclusion is that hybridization
is especially helpful to avoid startup problems and to eliminate problems related to
coverage and sparsity. Hybrid systems are not further evaluated in this work since
their main strength is to help with problems regarding new users or items. However,
as already discussed for the collaborative filtering, these problems can be neglected
for corporate portals.
4.4. Adapting Collaborative Filtering for Corporate
Portals
The process for the generation of recommendations using the collaborative filtering
technique consists of four process steps:
1. representation of items through implicit or explicit ratings r,
2. computation of the similarity between users sim(u, a),
3. determination of the neighborhood for each user a, which specifies all users
with a high similarity to the active user, and
4. prediction of the relevance pa,j of all items j that user a has not rated.
Several concepts exist for each process step that need to be analyzed for their suit-
ability for the corporate portal context.
118
4.4. Adapting Collaborative Filtering for Corporate Portals
Hybridization Description Authors
Weighted The scores (or votes) of several recom-
mendation techniques are combined
together to produce a single recom-
mendation.
Pazzani (1999);
Towle and Quinn (2000)
Switching The system switches between recom-
mendation techniques depending on
the current situation.
Tran and Cohen (2000);
Billsus and Pazzani (2000)
Mixed Recommendations from several differ-
ent recommenders are presented at the
same time
Wasfi (1999);
Burke et al. (1997);
Burke (2000)
Feature
combination
Features from different recommenda-
tion data sources are thrown together
into a single recommendation algo-
rithm.
Basu et al. (1998);
Condliff et al. (1999);
Baudisch (1999)
Cascade One recommender refines the recom-
mendations given by another.
Burke (2002);
Balabanovic´ and Shoham
(1997)
Feature
augmentation
Output from one technique is used as
an input feature to another.
Condliff et al. (1999);
Sarwar et al. (1998);
Mooney and Roy (2000)
Meta-level The model learned by one
recommender is used as input to an-
other.
Condliff et al. (1999);
Balabanovic´ and Shoham
(1997)
Table 4.3.: Hybrid recommender systems overview. Adapted from Burke (2002).
4.4.1. Representing Service Relevance through Ratings
In the context of this work ratings for services represent the relevance that a service
has for a user. High ratings thereby represent a high relevance. Ratings can be derived
implicitly by analyzing usage patterns or explicitly by directly asking users to provide
them. The key challenge of finding to best approach is strongly related to the required
effort and the reliability of the resulting ratings. Combining implicit and explicit
ratings is also possible (Adomavicius and Tuzhilin, 2005).
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Rating Scale
Whether ratings are provided by users explicitly or derived implicitly, a rating scale
has to be defined that allows the distinction of each user’s preferences. The finer
the scale is grained, the more distinguishable information is available. However, too
many steps on the scale will reduce the numbers of overlapping ratings.
Schafer et al. (2007) identify three types of rating scales:
• unary: Good or “don’t know”,
• binary: Good or bad,
• Likert scale: Integers (1-5, 1-7, ...).
Unary scales do not provide enough information. They could only reveal whether a
user knows or does not know a service but not whether it is of relevance. Binary scales
can provide this information by providing the options (i) know and of relevance, (ii)
know and not of relevance and (iii) does not know. However, this scale does not
reveal the relevance level. A service that is used with a high frequency will have the
same rating as one that is barely used. For e-commerce portals such as Amazon, a
binary scale is useful since it represents the possible cases for shopping scenarios: (i)
known and bought, (ii) known and not bought and (iii) not known. For the corporate
portal context, however, it does not provide enough information.
Therefore, a Likert scale is the appropriate concept to represent ratings in corporate
portals. Usually the range of each scale starts with one, thus allowing the zero to
serve as indicator for “don’t know”. The range of the scale defines the granularity
of the information. Wide ranges (1-10 or more) provide very detailed information
about each user’s preferences. Herlocker et al. (2004) point out that wide ranges lead
to an overspecialization of the recommender system because they lower the number
of users who have provided similar ratings, thus limiting the prediction quality of
the collaborative filtering algorithms. Even with implicit computation of ratings the
results can vary if temporary usage fluctuations slightly change the input parameters.
On a 1-5 scale tiny fluctuations will have no impact, but on a 1-10 scale the fluctuation
might lead to lower or higher ratings thus influencing the similarity weights between
users. Basu et al. (1998) overcomes this problem by grouping high ratings as relevant
120
4.4. Adapting Collaborative Filtering for Corporate Portals
and low ones as irrelevant, which basically leads to a lower range. If possible it seems
logical to choose a smaller range in such cases.
The choice depends on the type of portal and rating concept. Wide ranges can de-
liver better results when using implicit rating approaches while they should not be
used when explicitly requesting ratings from users. A scale from 1-5 or 1-7 is appro-
priate independent of the rating determination concept. It leaves enough options to
distinguish between e.g. between “relevant” and “highly relevant” but is not over-
specialized.
To determine the perceived quality of items, users are often enabled to provide
negative ratings. Such cases are excluded for the ratings in corporate portals because
the ratings should represent the relevance of an item with low ratings representing
low relevance. A negative relevance is not applicable in this context.
Explicit Ratings
The obvious method to determine ratings from users is to explicitly request them.
Many websites do this by showing the rating scale in form of stars that the user can
give to an item. Other common modes to request ratings are color-lists, radio-buttons,
drop down-lists or sliders. The display of such rating-forms varies. Some portals al-
low to always rate an item while others randomly ask for it. A recent rating feature
has been introduced with Facebook’s “like-button”. Every portal can implement this
button that only allows giving a positive rating to an item. The rating is then pub-
lished on the user’s personal page at Facebook and on the rated item’s portal.8
Explicitly requesting the subjective opinion of an item delivers a high data qual-
ity (Schafer et al., 2007) but also incorporates some challenges. Users are required
to participate in the process by rating items. Avery and Zeckhauser (1997) describe
the problem of freeriding. The recommender system will only work if enough users
participate. However, there might be some users who want to benefit from the rec-
ommender system but are not willing to invest the time for rating items themselves.
8A dislike button has recently been announced by Facebook (http://abcnews.go.com/WNT/video/
zuckerberg-dislike-button-works-11221793). This feature would change the scale from unary to
binary.
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If too many freeriders exist within a community, the recommender system will fail due
to lack of ratings. Avery and Zeckhauser further point to the problem of diminishing
motivation to participate in the process. It is not only difficult to provide incentives
to rate (Stenmark, 2004; Kaplan and Henderson, 2005; Schafer et al., 2007) but also to
keep up the motivation to further rate items. They also warn that too high incentives
will motivate users to rate as many items as possible which can lead to ratings that
do not necessarily reflect the user’s attitude. Finally, requesting the user, to provide
an explicit rating, interrupts his current working process (Buono et al., 2002).
For the explicit rating of services another difficulty has to be considered. Usually
people are asked how much they like an item. For the corporate portal recommender
system the requested value is not the subjective opinion about the quality but the
relevance of the item. Users have to be made aware of this difference. If a service is of
high relevance for a user but the design or functionality is not according to the user’s
demands, he still would have to give a high rating. Since users are accustomed to
questions about the quality rather the relevance, they might give the wrong rating in
such cases.
The best results for explicit ratings can be obtained by interviewing all users or
by performing a survey. In both cases the questionnaire would ask the user to rate
the relevance of all services. While providing the best possible results, this method
requires the highest efforts.
Asking users to actively participate in the process can have some additional pos-
itive side-effects (Harper et al., 2005). By participating users will have an increased
feeling of having contributed to the community and might be grateful for having an
option to provide feedback.
Explicit ratings can provide a high information quality but are prone to insufficient
numbers of participating users and wrong replies. Furthermore, they require an extra
effort from users. Especially in the corporate portal context where users are supposed
to operate as efficiently as possible the questions of effort and reliability have to been
seen as critical factors against explicit ratings.
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Implicit Ratings
In an analysis of rating concepts, Oard and Kim (1998) identify three categories for
implicit ratings. The first category is based on the number of references (hyperlinks,
comments) that point to an item. The second one analyzed retention patterns. The
more users save, print or forward an item, the higher the rating will be. The third
category examines usage which includes factors such as visits, duration of usage and
repeated usage. This third category is best suited for corporate portals because it uses
data that can be obtained without much effort and best represents the relevance of
items (Zanker and Gordea, 2006). The overall advantage compare to explicit ratings
is that it gathers information without any costs to the users (Oard and Kim, 1998;
Buono et al., 2002).
Implicit ratings, which are based on the conversion from usage-data to ratings, re-
quire appropriate data such as the information about the purchase of an item, visits
of sites or clicks on a site. Converting this data to ratings on a predefined scale is
necessary to obtain comparable values. In case of online shops the transformation is
made to a simple binary scale. A user gives a positive rating to an item by acquiring
it, a negative by not buying it and none if he has not viewed the yet. Other typical
conversions, e.g. for newsgroups, are measuring the time a user spends for looking
at an item. Such conversions are widely discussed (Caglayan et al., 1997; Konstan
et al., 1997; Oard and Kim, 1998; Schein et al., 2002; Middleton et al., 2004). Adomavi-
cius and Tuzhilin (2005) warn that such nonintrusive ratings are often inaccurate and
therefore see the need to further explore “the problem of minimizing intrusiveness
while maintaining certain levels of accuracy of recommendations”.
For the corporate portal recommender system, the conversion takes place based on
service usage data. The data is determined by logging every click (every action) the
user executes. As described in Section 2.3.1, the accumulated click-data is converted
to visits to services. The system can hereby differentiate between multiple clicks on
a service which indicates that the visitor has used the service and a one click visit
which merely indicates a visit without usage. With this logging concept, a matrix
is filled with the number of service visits for each user. This matrix can include the
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number of visits per interval as third dimension. As later shown, this information
can be relevant for the conversion to rating values (cf. Section 4.4.2). The matrix also
reveals the total number of visits per service by all users. For this data conversion
rules have to be defined to be used to fill the user-item matrix which is required for
the collaborative filtering algorithms to compute recommendations.
This approach has several advantages compared to explicit ratings but also to other
nonintrusive concepts. It uses every interaction with the system and thus fills the
user-item matrix with all available data (Buono et al., 2002). Compared to explicit
ratings, the problem of sparse ratings does not exist (Delgado and Ishii Nahoiro, 1999)
and, further, users are not required to provide any input, thus avoiding freeriding,
incentive challenges and decay in interest.
Explicit and implicit rating concepts can also be combined to profit of the strength
of each approach (Buono et al., 2002). Here the role of an explicit rating can be to
confirm or contradict implicit derived ones to measure the accuracy of the implicit
rules. Also they can replace or strengthen the weight of an item compared to those
that have not been explicitly rated by a user.
4.4.2. Implicit Rating Conversion Rules
The computation process to retrieve implicit ratings from usage data consists of three
steps:
• collection of usage data (cf. Section 2.3.1),
• consolidation to service visits per user in a service-visit matrix,
• transformation of service visits to ratings (user-item matrix).
The relevant usage information in context of a corporate portal is the number of
active visits per service. A visit is called active when the user not only opened a
service but used it by executing an action. For example, if a user opens a service and
requests a report, enters a trade or downloads a document, the visit was active. If he
just opens it, e.g. to navigate to another service which is located in a sub-branch of
the opened one, the visit is not considered relevant.
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The following parameters have to be specified for the transformation from the
service-visit matrix to the user-item matrix :
• the observed time frame, optional with
– division into intervals or
– decay algorithms,
• translation rules from number of visits to ratings (relative or absolute)
The length of the observed time frame depends on the type of portal. If all portal
services are frequently used, this interval can be set to two or three months. This
will allow compensating for temporary usage fluctuations due to illness, holidays or
other circumstances that can influence the usage pattern. If some of the services are
seldom used or are only relevant for certain time periods the time frame should be
longer. The decision depends on the available information. If it is known that some
services are only used once per month or quarter, the interval should encompass at
least two of these usage periods to be able to determine average usage patterns based
on at least two periods.
With a specified time frame it is further possible to favor recent over older data.
For example, using a six month time frame, if a user increased the usage of a ser-
vice in the past two months compared to the previous four months, the resulting
rating value should reflect this matter by favoring the recent visit numbers. This can
be achieved by (i) dividing the time frame into intervals and weighting more recent
intervals higher or by (ii) using a decay factor.
When using intervals the rating ri for a service i is computed with
ri =
T
∑
t=1
wtri,t (4.4)
where T represents the number of intervals in the observed time frame, wt the
weight that each interval is given and ∑Tt=1 wt = 1. The weight for each interval and
the number of intervals has to be determined by testing different values and com-
paring the resulting ratings. The goal thereby is to find a setting that generates high
and low ratings instead of values in the middle of the rating scale. If most of the
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ratings are located in the middle of the scale, the algorithm to compute recommen-
dations cannot differentiate between items because the differences between the input
variables (the ratings) are insignificant. Therefore, the final setting should be the one
that returned the highest standard deviation. By increasing the number of intervals,
a liner decay function can be derived (Zanker and Gordea, 2006).
Conversion rules have to be defined that specify how visit numbers are converted
to a value on the rating scale. In the following it is distinguished between rule based
on absolute and ones based on relative values. Absolute transformation rules define a
range of visits for each available rating value. E.g. one to four visits per interval are
represented with a rating value of one, five to ten with two and so on. The selection
of the range for each value again depends on experience and testing.
Relative rules take different usage patterns per user or per service into account. This
is relevant to better rate visits for less frequently used services or for rather inactive
users. Table 4.4 shows an example for a service-visit matrix with three users and three
services. User U3 is comparably inactive and service S3 is less frequently visited by
all users compared to the other two. Absolute rules would return low ratings for
all services U3 is using. However, the services might have a high relevance for this
user since he uses all equally. Thus, the low ratings given by absolute rules will not
represent the real relevance. Similarly the rating for S3 would be low since the aver-
age usage of 2.67 is lower compared to S1 and S2 although all users use the service
with equal frequencies. This could indicate that S3 is relevant to all users but does
not require high usage to be of relevance. Thus, a higher rating could be adequate.
A simple method to derive rules based on average usage is to compute the relative
distance to the average visit numbers with
dist =
vu,i − vi
vi
(4.5)
Here, vu,i represents the number of visits to service i by user u and vi the average
number of visits either for the service or the user. Distance ranges have to be defined
that represent the rating for a specific distance range.
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S1 S2 S3 Total (avg)
U1 20 15 2 37 (12.33)
U2 18 15 3 36 (12.0)
U3 3 2 3 8 (2.67)
Total 41 32 8
(avg) (13.67) (10.67) (2.67)
Table 4.4.: Service-visit matrix example with users U and services S. Each field in the matrix
represents the number of visits for each service user combination in an interval.
Relative and absolute rules can be combined by adding or reducing a rating that
was derived by an absolute rule if the distance surpasses a limit. In the given example
in Table 4.4, the ratings for S3 would be raised for all users because the distance of
the visits of each user to the average usage of S3 is close to zero. More sophisticated
approaches are possible. It is, however, questionable whether too special rules diffuse
the reliability of the ratings. If the services for user U3 in the given example are
indeed not highly relevant for him, relative rules would lead to invalid ratings. Also
a comparably low usage average for a service can truthfully indicate that it is not
highly relevant for all users. Therefore, relative rules have to be used carefully and
more information about the recommended services should be integrated in the rules.
For example, if a service is known to require few visits to be of high relevance, relative
rules can be useful. The collaborative filtering technique also recommends services
to a user if many similar users are using it independent of its ratings. The resulting
relevance of the recommendation will be lower for such services, but it will be on the
list. Too low ratings can therefore delay the appearance of a recommendation at the
top of the list but will not prevent it.
4.4.3. Model-based vs Memory-Based Algorithms
The user-item matrix, which contains the service ratings for each user, builds the
foundation for the computation of recommendations. Several algorithms exist to
compute the predicted relevance of a service for each user using this data. Breese et al.
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(1998) group these algorithms in memory-based and model-based algorithms. Memory-
based algorithms operate over the entire data set of users and items while model-
based algorithms only use historic data sets to train a model which is then applied for
the computation of recommendations. This widely accepted distinction (Calderón-
Benavides et al., 2004; Adomavicius and Tuzhilin, 2005) serves as basis for the re-
mainder of this section.
Model-based algorithms do not use the entire available set of data.9 Instead, historic
data is taken to develop and train a model that is then used to compute the recom-
mendations. The common process is to split the historic data into a training and a test
set. The training set is used to develop the model which is then tested on the test set.
Since a model is based on historic data, the model should be regularly refreshed to
react to changes to the system. Breese et al. (1998) distinguish between cluster models
such as the expectation maximum algorithm and Bayesian networks which use deci-
sion trees. Other concepts like neuronal networks or machine-learning also fall into
this category (Adomavicius and Tuzhilin, 2005).
Memory-based algorithms are using the available set of data to compute the predic-
tions online with the latest available information. One main challenge of this concept
is the required effort for the computation of large data sets (Breese et al., 1998). The
entire user-item matrix of existing ratings is used to compute similarities between
users and, based on these similarities, the predicted rating for each item that a user
has not rated yet. The computational effort for this approach is therefore higher com-
pared to the model-based approach (Sarwar et al., 2001).
The advantages of memory-based algorithms are the usage of real-time data which
allows to directly incorporate new users and items and to immediately react to
changes in the environment (Breese et al., 1998). In such cases the model-based algo-
rithm needs to train a new model. In comparison, the main advantage of model-based
algorithms is its scalability (Breese et al., 1998; Ziegler and Lausen, 2004; Schafer
et al., 2007). Since the models are trained offline, the computation of recommen-
dations is comparably fast. However, the prediction quality is significantly lower
9The entire set of data consists of all historic usage information and ratings in addition to the latest
ones.
128
4.4. Adapting Collaborative Filtering for Corporate Portals
compared to collaborative filtering (Breese et al., 1998; Runte, 2000; Adomavicius and
Tuzhilin, 2005). Therefore, and because scalability is no major issue in corporate por-
tals, model-based algorithms are not further discussed in detail.
4.4.4. User Similarity Algorithms
In order to compute the prediction pa,j of the rating that the active user a would
give to an item j, Equation 4.3 requires a value that expresses the similarity sim(a,u)
between a and all other users u. The similarity is based on the similarity of ratings
which two users have given to other items. Thus, for users who have no overlapping
ratings, the similarity is zero. The similarity between two users can be described as
weight that reflects distance or correlation between two users.
Several algorithms to compute user similarities are presented in recommender lit-
erature. Following Breese et al. (1998) the following three algorithms are further dis-
cussed in this work:
• Pearson’s correlation coefficient,
• vector similarity (also cosine-based similarity), and
• inverse user frequency.
Among other popular algorithms is the mean squared difference (Shardanand and
Maes, 1995; Pennock et al., 2000) measures the degree of dissimilarity between two
users. The similarity is than computed by taking the users with the lowest dissim-
ilarity compared to the active user. The algorithm is almost identical to the vector
similarity and thus not further discussed.
A constrained version of Pearson’s correlation algorithm (Shardanand and Maes,
1995) exists to support positive and negative ratings. This algorithms is also excluded
from further discussion because negative ratings are not considered in the corporate
portal recommender concept.
Default voting (Kamishima, 2003) is designed for situations in which few items are
rated. The method ranks all rated items per user and inserts unrated items in the
middle of the resulting list. Thus, a default neutral rank is guessed for these items.
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This method is useful for cases with explicit ratings. However, in the corporate por-
tal context with relatively few items and a strong preference for implicit ratings, the
concept is rather irrelevant.
Pearson’s Correlation Coefficient
The basic approach to compare two sets or ratings from different users a and u is
Pearson’s correlation coefficient
sim(a,u) =
∑j(ra,j − ra)(ru,j − ru)√
∑j(ra,j − ra)2∑j(ru,j − ru)2
(4.6)
where the summation over j is over the items that both users have rated. Billsus
and Pazzani (2000) criticize this matter as the main disadvantage because all other
ratings are neglected when comparing two users. Resnick et al. (1994) initially ap-
plied it for the GroupLens project. For systems with heterogeneous users and items
the correlation is likely to be lower than in more homogeneous system. Therefore,
its applicability for corporate portals with such heterogeneous properties is question-
able.
Vector Similarity
In information retrieval, similarities between documents are often determined by
treating each document as a vector of word frequencies and computing the cosine
of the angle between two vectors (Salton and McGill, 1986). For collaborative filter-
ing this approach is adopted to treat users as documents, items as words and ratings
as word frequency (Breese et al., 1998; Sarwar et al., 2001; Linden et al., 2003). The
algorithm is defined as
sim(a,u) =∑
j
ra,j√
∑(k∈Ia) r
2
a,k
ru,j√
∑(k∈Iu) r
2
u,k
(4.7)
The equation does not permit negative ratings. If a user has not rated an item,
a rating of zero is taken which removes the item from the algorithm. The squared
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denominator normalizes the ratings so that users who have rated many items will
not automatically have higher weights than others.
Inverse User Frequency
The inverse user frequency algorithm is also taken from the field of information re-
trieval. The idea is to reduce the weight of popular words based on the assumption
that a high frequency of such words does not express the relevance of a document.
Applied for collaborative filtering, this concept will reduce the impact of universally
liked items (Breese et al., 1998). The algorithm uses f j = log nnj where nj is the num-
ber of users who have rated the item j. If everyone has rated item j the value f j is
zero. Applying this technique for the correlation algorithm leads to the similarity
algorithm:
sim(a,u) =
∑j f j∑j f jra,jru,j − (∑j f jra,j)(∑j f jru,j)√
AU
A =∑
j
f j(∑
j
f jr2a,j − (∑
j
f jra,j)2)
U =∑
j
f j(∑
j
f jr2u,j − (∑
j
f jru,j)2)
(4.8)
The main differences between the three algorithms are that the first allows negative
ratings, which is irrelevant in corporate portals as there are only positive ratings. The
latter two consider all rated items while the correlation coefficient uses only corated
items.
Empirical tests by Breese et al. (1998) have identified Pearson’s correlation coeffi-
cient as the algorithm with the best performance. Also, Konstan et al. (1997) have
shown that the algorithm is best suited for continuous rating scales which are used
in this context. According to (Calderón-Benavides et al., 2004) the algorithm is best
suited as it best represents the basic collaborative filtering concept. It is question-
able whether the special factors in a corporate portal environment will support these
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findings. Few overlapping ratings might influence the results. Therefore, it has to be
tested which algorithm delivers the best results.
4.5. Neighborhood Selection Concepts
The computation of similarities between users defines a neighborhood Ua for each user
a that consist of other users who use at least one similar service as a. In systems
with many users, the size of the neighborhood can reach levels that the quality of
the predictions or the effort for the computation of recommendations could suffer.
Therefore, three concepts exist for the selection of the neighborhood.
4.5.1. All Users
This concept does not filter any users from the neighborhood. All users, who have
any similarity with the active user a, are member of his neighborhood. Many recom-
mender concepts use this approach (Herlocker et al., 1999; Montaner et al., 2003). It
is useful if the potential size for the neighborhood is so small that any filters would
diminish it in a way that no useful recommendations could be computed.
For systems with many users, this approach can cause scalability problems. Large
neighborhoods increase the computational effort. The determination whether a
neighborhood is too large is case dependent (Sarwar et al., 2001).
4.5.2. Good Neighbors
Shardanand and Maes (1995) limit the neighborhood to users who surpass a pre-
defined similarity level. Only users who fulfill this criteria are incorporated in the
computation of recommendations for the active user a. This approach ensures that
only good neighbors that share a common set of attributes are considered. Eliminat-
ing all other potential neighbors with a low similarity value prevents the system from
recommending items of little relevance. However, if the active user has several neigh-
bors with a strong similarity, their weights will already ensure that items from the weak
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neighbors will have little relevance. On the other side, if the number of weak neigh-
bors is significant enough, their impact could cause weak recommendations. Mon-
taner et al. (2003) have determined that in some cases to large neighborhoods can
reduce recommendation quality. Therefore, this approach is especially well suited for
environments with many users. It also limits the required computational effort by
reducing the neighborhood size.
Reducing the neighborhood size will become a disadvantage if the resulting neigh-
borhood for a user becomes too small (Montaner et al., 2003). Therefore, the radius
for the selection has to be tested for each system.
4.5.3. Fixed Neighborhood
Similar to the good neighbor concept, limiting the size of the neighborhood to a fixed
limit N ensures that users with low similarities will not be considered. Here, all
potential neighbors are sorted by weight and the resulting list is cut after N users
(Herlocker et al., 2004). The value for N has to be tested. A too small value will reduce
the quality of the recommendations and too large values might reduce the quality in
case of many weak neighbors. Again, this approach also reduces the computational
effort.
For the selection of the appropriate neighborhood concept for a corporate portal
recommender system, the simple concept to take all users seems suitable. The poten-
tial neighborhood size in such heterogeneous systems with comparably few users is
already low so that further reductions could prevent the generation of useful neigh-
borhoods. The definition of low thereby depends on the size and properties of the
target system. Therefore, testing is required for each implementation. If the average
neighborhood size becomes too large, one of the other concepts should be used.
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4.6. Overview of Prediction Algorithms
When the neighborhood Ua for each user a and the weights for the similarity sim(a,u)
for each user u within the neighborhood have been determined, the predictions for
each item j that the user a has not rated can be calculated. Equation 4.3 introduced
the common approach, however, more exist (Breese et al., 1998).
4.6.1. Simple Average
The most simple and “naive” approach (Schafer et al., 2007) is to take the average of
all ratings for an item which is computed with
pa,j =
1
m ∑u∈Uj
ru,j (4.9)
where Uj specifies all users who have rated the item j. This algorithm ignores the
similarities between users and thus does not belong to the group of collaborative fil-
tering algorithms. However, it can serve as a benchmark to evaluate the quality of
other algorithms. If the average calculation predicts the relevance of a recommen-
dation with a comparable quality to other algorithms, it should be used because the
computational effort is lower.
The computation of the average rating can also be limited to the ratings of users in
the neighborhood of the active user.
4.6.2. Weighted Sum
The weighted sum includes the similarities between the users. Ratings of users with a
higher weight have a higher impact on the prediction than others.
pa,j =
∑u∈Uj sim(a,u)ru,j
∑u∈Uj |sim(a,u)|
(4.10)
Dividing the added weighted ratings by the number of neighbors serves as nor-
malizing factor.
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4.6.3. Adapted Weighted Sum
The weighted sum algorithm does not incorporate different rating behaviors. When
ratings for items are determined by explicit ratings, the resulting rating values might
not be directly comparable. Some users will generally give higher or lower rating
values10 than others (Resnick et al., 1994; Buono et al., 2002). The adapted weighted
sum algorithm considers this with
pa,j = ra +
∑u∈Uj sim(a,u)(ru,j − rj)
∑u∈Uj |sim(a,u)|
(4.11)
Each rating for an item is subtracted by the user’s average rating. Thus, the fraction
delivers the mean deviation between each user’s average rating and the one given for
the item j. By adding the average rating of the active user a the algorithm computes
the prediction under the assumption that the user will deviate in his rating of this
item similarly to all his neighbors. This approach is similar to Equation 4.3 when κ is
replaced by 1∑u∈Uj |sim(a,u)|
.
The adapted weighted sum has been applied in many systems (e.g. Resnick et al.
(1994), Herlocker et al. (1999), Buono et al. (2002), Adomavicius and Tuzhilin (2005)).
Its main advantage is the “normalization” of ratings which is of high relevance for
systems that are based on explicit ratings. The effectiveness compared to the weighted
sum in systems with implicit ratings is questionable (cf. Section 4.4.1).
The simple average algorithm does not really belong to the collaborative filtering
algorithms but might serve as benchmark to the other two. The adapted weighted
sum is well suited if the item ratings are derived explicitly. For implicitly computed
ratings, the normalization of the data is not necessary. However, in case that the
usage patterns are very different in a form that some users are highly active (which
implicitly returns high ratings) and others barely, the adapted weighted sum might
lead to better results as it considers these differences.
10In systems using a rating scale, e.g. a five-point Likert scale.
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4.7. Choosing the right Algorithms
The previous sections introduced several concepts for each step in the process of com-
puting recommendations with the collaborative filtering technique. They are listed in
Table 4.5. Before a recommender system can be implemented in an existing portal, it
has to be decided which combination of these concepts is applied. This decision has
to be made by testing different compositions. Deciding individually for each step is
difficult because each process step depends on the outcomes of the previous one. E.g.
the user similarities are computed based on the ratings that were retrieved with the
selected rating concept. Different rating concepts will return different values which
will affect the user similarity values for two users. Therefore, a test of all possible
combinations is required to determine the best set.
Process step Concept
Rating determination - Explicitly
- Implicitly from usage data
User similarity - Pearson’s correlation coefficient
- Vector similarity
- Inverse user frequency
Neighborhood selection - Take all
- Good neighbors
- Top-N
Prediction algorithm - Simple average
- Weighted sum
- Adapted weighted sum
Table 4.5.: Collaborative filtering algorithms and concepts.
The foundation for the testing process is laid by the comparison of recommendation
algorithms. Several authors have compared the quality of recommender algorithms
with empirical tests (Breese et al., 1998; Calderón-Benavides et al., 2004; Herlocker
et al., 2004; Zanker et al., 2007). For this purpose they have used rating data of existing
sites. Their testing concepts can also be applied for testing of new implementations.
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4.7.1. Testing Methods: All But X and Given X
The methodology to compare algorithms is based on concepts called All but X and
Given X. Both concepts are based on predicting the relevance of an item whose rating
is known. Thus, the quality of a recommender system can be measured by comparing
the value of the predicted relevance with the original rating value.11
For the All but 1 testing method, one random is user is selected from the data set
who has at least rated two items. In the next step, the rating for one item is randomly
removed. Based on the new set of rated items for this user, the prediction for this
one removed item is computed with all algorithms that are subject to the comparison
(Breese et al., 1998).
The concept can be extended to All but X by removing more than one item from the
set of rated items. Herlocker et al. (2004), for example, withhold five ratings for their
tests.
The Given X concept is quite similar. The difference is that instead of removing one
or more rated items, All but X items are removed. E.g., with Given 5 and a user with
11 ratings, six ratings would be removed and the prediction for all of these six items
would be calculated.
To prepare such tests, all possible compositions of algorithms are specified in a
list. For example, if two implicit rating methods, three user similarity algorithms and
three prediction algorithms are available, 18 compositions are possible. As basis for
the test runs, historic usage data is taken for a time frame that has to cover a sufficient
range in case of implicit rating computation (cf. Section 4.4.2).
For each compositions Given X and All but X tests are executed with different val-
ues for X. Examples in literature use All but 1, Given 2, 5, 10 and 20 (Breese et al.,
1998; Calderón-Benavides et al., 2004; Zanker et al., 2007). For the context of corpo-
rate portals with few services Given 10, 20 and maybe even Given 5 might not result
11The case study in the following chapter presents an example for comparing different test runs in
Section 5.1.3.
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in usable data sets in case the average number of services per user is too low. The
decision depends on this value.12
4.7.2. Quality Metrics
Once the predictions for the excluded items have been calculated, the predicted rel-
evance values can be compared with the original ratings. Several quality metrics are
suitable for this process step. The results of these metrics reflect the ability of the
chosen algorithm to predict the correct relevance of an item for a user. The most
popular quality metrics exist are grouped by coverage, accuracy, precision and recall
(Herlocker et al., 2004).
Coverage
Coverage measures the percentage of items that the recommender system can pro-
vide predictions for (cf. Section 4.3.2). Coverage is computed with
coverage =
Irecommended
I
∗ 100 (4.12)
I is the number of all recommendable items in the system. Coverage values should
be as high as possible. Calderón-Benavides et al. (2004), for example, have mainly
coverage values of 99%. System with few users, many more items than users or barely
overlapping ratings usually have a smaller coverage (Herlocker et al., 1999). When a
recommender system has a bad coverage, many items will not be recommended. The
best prediction algorithms are worthless with a bad coverage.
Accuracy
Accuracy metrics compare predictions and ratings as, for example, given by the
Given X or All but 1 concepts. Common metrics are the mean absolute error (MAE)
(Shardanand and Maes, 1995; Sarwar et al., 1998) or the root mean squared error
(MSE) (Sarwar et al., 1998). Appendix F lists the most common metrics. Only a few
12In the case study presented in Chapter 5 the tests are run with a maximum of Given 5 because less
than 5% use more than five services on average.
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of these will be further discussed as the others do not fit the requirements of this
work. For example, the variance MAE delivers information about the mean variance
of the results. Swet’s a measure metric displays the area below the receiver operation
characteristic (ROC) curve which is not relevant if the recommender should display all
relevant items (Herlocker et al., 2004). Therefore, only five metrics are presented in
detail:
• Mean Absolute Error MAE,
• Mean Squared Error MSE,
• Pearson’s Correlation Coefficient,
• Half-Life Utility Metric,
• Top-N Evaluation,
• Precision and Recall.
Mean Absolute Error: This metric is often applied in the analysis of time series. In
the recommender context, it is a measure for the accuracy of the predictions. Each
prediction pj for an item j is compared to the original rating rj with
emae =
1
M
M
∑
j=1
|pj − rj| (4.13)
where M is the number of predictions.
Mean Squared Error: The mean squared error is defined as
emse =
1
M
M
∑
j=1
(pj − rj)2 (4.14)
In comparison to the MAE metric, higher differences between prediction and rat-
ing are emphasized. A small value indicates few deviations between prediction and
rating and thus a good result. Compared to the MAE, the MSE serves as indicator for
the reliability of the algorithm while the other measures accuracy.
139
Chapter 4. Recommender Systems for Corporate Portals
Pearson’s Correlation Coefficient: The Pearson Correlation Coefficient which also
serves as user similarity algorithm (cf. Equation 4.6) measures the strength of lin-
ear dependence between two variables. The higher the dependency, the closer the
variables are together. Thus, for recommender testing, a high positive correlation
between predicted and removed ratings is an indicator for good results.
However, a careful interpretation of the results is required. The values are not likely
to get close to 1, the best possible value. Deviations between predicted and removed
rating in systems with a rating scale of 5 or 7 values are to be expected. Therefore, a
positive correlation result already can already serve as good indicator for the quality
of the system.
Half-Life Utility Metric: Breese et al. (1998) use the MAE metric only for the eval-
uation of single predictions. To measure the accuracy of a list of recommendations,
they use the Half-Life Utility Metric. They argue that the relevance of a recommenda-
tion in a ranked list (sorted by index j in order of declining ra,j) will decline for items
that are lower in the list. The metric takes this into account by assuming that each
successive item in the list is less likely to be viewed by the user with an exponential
decay. The expected utility of a ranked list of items is calculated with the formulas
Ra =∑
j
max(ra,j − d,0)
2(j−1)/(α−1)
R = 100 ∑a
Ra
∑maxa Ra
(4.15)
where d is the neutral vote and α is the viewing half-life. The half-life is the num-
ber of the item on the list such that there is a 50-50 chance that the user will review
that item (Breese et al., 1998)13. R defines the final score with Rmax as the maximum
achievable utility if all items had been at the top of the list.
13Breese et al. (1998) used a half-life of five items in their experiments.
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The half-life utility is a good method to cope with longer list of rankings. For envi-
ronments with few items which accordingly have a shorter list of recommendations
it might not be necessary to apply the metric.
Top-N Evaluation: Comparable to the half-life utility metric, Lam (2004) proposes
to limit the list of recommended items, in case of long lists, to the top-N results because
the others will not receive any attention from the users. Measuring the percentage of
relevant items in the list for each tested algorithm allows comparing their quality.
This concepts is quite similar to precision and recall as described in the following.
Precision and Recall
Precision and recall are popular metrics for the evaluation of information retrieval
systems (Cleverdon and Keen, 1968) and are equally popular for the evaluation rec-
ommender systems (Billsus and Pazzani, 1998; Sarwar et al., 2001; Basu et al., 1998;
Herlocker et al., 2004; Zanker and Gordea, 2006; Schafer et al., 2007).
The input factors for both equations are all relevant14 items R and all predicted
items P. Pr represents all predicted items that are indeed relevant. Precision and
recall are then defined as
precision =
Pr
P
(4.16)
recall =
Pr
R
(4.17)
Precision represents the probability that a predicted item is relevant, recall, on the
other hand, the probability that a relevant item will be predicted. Both values have to
be evaluated together. To achieve a high recall value, the system would only need to
recommend all items. This would, however, lead to a low precision value.
14Relevant items are those that should be recommended.
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4.7.3. Test Evaluation
All introduced quality measurement metrics are summarized in Table 4.6. By execut-
ing Given X and All but X test runs for every composition of available algorithms,
a list of quality values is created for each composition. Based on these values the
compositions can be compared to each other. Thereby each types of metric focus on
different aspects of quality.
Metric Indicator for
Coverage Ability to cover all items in the system
Precision Probability that recommended items are relevant
Recall Probability that relevant items are recommended
Mean Absolute Error (MAE) Accuracy of the predictions
Mean Squared Error (MSE) Reliability of the system
Pearson’s Correlation
Coefficient
Linear Correlation
Table 4.6.: Test evaluation metrics.
Coverage, precision and recall indicate the overall ability of the system to efficiently
detect all recommendable items while the other metrics measure the quality of the
predictions. Bad results for the first metrics make further testing irrelevant because
the best prediction quality is worthless if not all relevant items are detected - espe-
cially with the specified goal to find all good items (cf. Section 4.1.3).
MAE and MSE reveal the accuracy and reliability of the system. When comparing
different test runs with these metrics, the ones with the lowest values indicate the
better system. The result can be further evaluated by comparing the linear correlation
between the predicted and observed ratings.
4.8. Communicating Recommendations to User
The final step in the implementation of a recommender step is the decision how to
communicate the computed recommendations to the users. Recommendations can
be delivered to the users via different channels. Most common is the display of the
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recommendations in the portal but other external channels (outside the portal) such
as emails or trainings are possible. This decision does not only affect the channel
and design but also the number of recommendations and the information level being
communicated to the users. Further considerations have to weigh the benefits of
recommendations versus the annoyance factor of the system.
4.8.1. Displaying Recommendations in the Portal
The integration of the recommendation display into the portal’s interface can follow
several patterns. Each pattern has its advantages and disadvantages regarding vis-
ibility, detail level and obtrusiveness. Table 4.7 lists all display patterns with these
attributes. The visibility indicates the likelihood that a user will perceive the recom-
mendation. For example, the display in the footer of the portal has less visibility than
opening a pop up window. When showing a recommendation, different detail lev-
els are possible which range from simple links to the recommended service up to a
detailed explanation of the recommendation computation or a description of the rec-
ommended service. High detail levels can increase the likelihood that a user will look
at a recommended item but might also prevent him from reading the recommenda-
tion if too much information is communicated. A critical matter is the obtrusiveness
of the recommendation display. Highly visible recommendations such as pop-ups
or messages in the center of the portal also have a high potential of annoying users.
Pop ups interrupt the flow of working with the portal because they have to be closed
in order to continue to work with the portal. Centrally located messages force users
to scroll to further continue using a service.15 The obtrusiveness factor is the more
important in corporate portals since users are supposed to work efficiently. There-
fore, the challenge is to find the right balance between visibility and obtrusiveness so
that recommendations are perceived but do not prevent users from working without
interruptions.
For corporate portals the display in content and as pop up appears too annoy-
ing. More suitable are the display in footer, sidebar or header. Here, the sidebar is
15News portals often place advertisements in the middle of an article. In the flow of reading, users will
perceive those but are interrupted from reading the article and have to scroll to continue reading.
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Pattern Comment Visibility Obtrusiveness
Pop up Open a new window with one or more rec-
ommendations. Possible to close the pop up
when the user has not activated it within a time
frame.
high high
Header Display in the header of the portal as message
or advertisement.
middle low
In content Message in the content (E.g. advertisements in
news articles).
high high
Footer Display in the footer. (Similar to header). low low
Sidebar Message in the sidebar e.g. above or below the
menu (E.g. used by Facebook to recommend
possible friends).
middle low
Mailbox Show as message in the mailbox of the portal
(if available).
middle middle
Table 4.7.: Display patterns for recommendations in portals.
preferable because users are more likely to perceive it when the recommendations are
located next to the menu. Using a portal mailbox can be effective. Such mailboxes are
used to deliver messages from the portal to the users using an internal system rather
than sending an email to the user’s mailing account. Such systems can be used to in-
form the user about the finish of a service’s process, the delivery of a report or other
issues. Using this system to deliver recommendations will lead to good results, if the
portal frequently delivers other relevant messages. Otherwise the user might ignore
the entire mailbox because this will not affect any of his job tasks.
4.8.2. External Communication of Recommendations
Besides the display within the portal, the recommendations can be delivered outside
the portal. Similar to the portal mailbox, which was introduced as internal channel,
is the delivery of personalized mails to the user’s mailing account. Such mails can be
sent in with a fixed interval or when new recommendations have been computed. The
advantage of this approach is that users will notice them when checking their regular
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mails. However, this channel might also annoy users as it delivers information from
the portal while they are not using it.
An alternative concept is to use recommendations in portal workshops or personal
trainings. The recommendations can be used to further discover the portal during
such events.
Furthermore, the recommendations can be sent in a report to the user’s supervi-
sor. The supervisor can analyze the recommendations and forward relevant ones to
his subordinate. This process ensures that only relevant recommendations are for-
warded. However, it delivers a report about usage patterns to managements which
might contradict privacy issues.
Communication of recommendations outside the portal context is possible but has
to be considered critical as it requires additional effort and could lead to irritations
since the recommendations are not delivered while the recipients are using the portal.
4.8.3. Number of Displayed Recommendations
Recommendations are computed with a relevance that represents the prediction how
the user would rate the service. By sorting all recommendations for each user de-
scending by this value, a ranked list is created with the most relevant recommenda-
tions at the top. Lam and Riedl (2004) suggest that users will only look at the top of
such lists and ignore lower rated ones. Users are not willing or interested in looking
through a long list of recommendations.
The length of a ranked list can be restricted by defining a barrier value which pre-
vents the display of recommendations whose relevance value is below the barrier.
This concept is comparable with the good neighbors approach, which was introduced
in Section 4.5.2. An alternative or addition is to set a limit for the top N items in the
list (Karypis, 2001; Deshpande and Karypis, 2004).
When limiting the number of shown recommendations, it has to be decided how to
handle the recommendations that are not displayed. If a user visits a recommended
service the recommendation will disappear from the list and allow the next best one to
appear. The question whether to show this one immediately or delayed is discussed
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in the following section. The recommender system could also allow users to look at
the next recommendations in the list even if they are below a barrier value. Thus,
interested users can explore the recommendations by themselves while the others are
not bothered with long lists. Implementing such a system requires more effort but can
be helpful for curious users. It might also help them understand the recommender
system when they see recommendations in context of a longer list because it might
reveal the type of services that are recommended to them.
Limiting the list of recommendations is required to not overwhelm or irritate users
with too many recommendations. For a corporate recommender system a maximum
of five or less services can be useful as the user has to explore each service on its
usefulness. Other recommender systems such as Amazon’s book recommender can
show more recommendations because the title of each recommended book allows the
user to quickly decide whether it is of interest or not. If services are recommended,
the title can seldom sufficiently describe the functionality. Therefore, users will have
to explore it. Showing too many recommendations will prevent them from starting
because they first have to choose which service to look at. Showing five or less rec-
ommendations allows quickly deciding which service to further explore.
4.8.4. Frequency and Detail Level of Recommendations
When users visit a service that they have not used before, based on a recommenda-
tion or not, their service portfolio changes and thus their similarities to other users
might change. This can lead to new recommendations or changed relevance values
of existing ones. Thus, the list of recommendations can change. Furthermore, users
might choose to decline some recommendations,16 thus removing them from the list.
For these cases it has to be decided whether the new list of recommendations is
displayed at once (when a user has visited or declined a recommendations or when
new once are created) or based on a predefined schedule. Such a schedule could
specify that the list is refreshed every morning, once per week or at any other given
point of time. This applies only for a new order in the list or new recommendations.
16The recommender should allow users to decline recommendations either because they do not see
any relevance in the recommended item’s description or because they already know the item.
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Declined or visited recommendations have to be removed from the list immediately
to not confuse the user.
The advantage of showing the refreshed list at once is the possibility for users to
directly explore the new recommendations. If a user has started looking at recom-
mendations he might be interested in continue looking at further ones even if he has
looked through the entire initial list. However, if the system provides the opportunity
to further explore the list as described in the previous section, the user can already do
that even if the initial list remains unchanged.
Against the immediate refreshing of the list stands the feeling of arbitrariness. If
ever new items are added to the list when one is removed, users can get the impres-
sion that the recommendations are just created randomly. The motivation to further
look at the recommendations will decline. The user will have the feeling that he
cannot finish the list because new items are always added. This argument strongly
speaks for refreshing the list on a fixed schedule. When a user receives new recom-
mendations only once per week or even more seldom, his interest might be higher.
The new list can create the feeling of fresh information compared to always seeing a
list of N recommendations.
An important factor beside the number of items is the detail level of the recommen-
dation. A short list of service titles might not carry enough information to motivate
users to look at the services. Better is to provide a short description of the service that
summarizes its key benefits.
Since every recommendation is computed with a predicted relevance it is possible
to show this relevance. Here it can be chosen between showing the real value or
scales with “highly relevant” for the highest and “possibly relevant” for the lowest
values. When showing the relevance level, a short explanation should be available
that explains the different relevance levels. Also, if the recommendations are shown
without relevance values, such a description of the recommendation computation
process can help in motivating the users to use the system. If they are put in a position
to comprehend the system, they might gain more trust into the recommendations
even if they encounter irrelevant ones.
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Choosing the best patterns for the display and refresh rates of recommendations
is a difficult tasks. Rather invisible recommendations have no effect and obtrusive
channels and immediate refreshes will annoy users. The best solution would be to
allow each user to personalize the recommender to his preferences. Thus, each user
could decide whether to receive emails with recommendations, get pop ups or have a
list in the sidebar. However, the effort for implementing such a system is quite high.
In all cases it is relevant to explain the recommendations. Whether to use a short
text such as “users who have visited this service also visited the following” or a de-
tailed process diagram depends on the target group but also the effort that manage-
ment is willing to put into the service and recommender system description. Best
would be to test different approaches with a test group to determine the one which is
accepted by most users.17
4.9. Chapter Summary
Various recommendation system concepts have been introduced in this chapter and
were evaluated for their qualification to be applied as a recommender system for
services in a corporate portal. The literature review has shown that no comparable
case studies exist that concern smaller systems with highly heterogeneous items and
users as presented in this work. Often quoted sources such as the broad analysis
by Breese et al. (1998) or Herlocker et al. (2004), implementations like GroupLens
(Konstan et al., 1997) or Tapestry (Goldberg et al., 1992) use systems with several
thousand items and users. Well-known recommender system such as Amazon’s book
recommendation (Linden et al., 2003) deal with numbers of millions. While Zanker
and Gordea (2006) shortly introduces issues arising in smaller systems, no further
literature with focus on corporate portals exist. The analysis in this chapter laid the
foundation for the implementation of such a system by selecting appropriate concepts
from wide spectrum of recommender systems.
17The case study presented in the following chapter does not compare different methods but compares
a treatment group that sees the recommender system and a control group that does not.
148
4.9. Chapter Summary
While the decision for automatic systems, which provide individual recommenda-
tions, is quite simple, the subsequent selection process requires careful consideration
of the nature and the requirements of corporate portals.
Content-based filtering concepts, that are based on comparing user and item at-
tributes (personal preferences, item descriptions, job descriptions, etc.), have a high
potential to identify related items. However, they require significant effort from users
and administrators to provide these attributes. The concept of collaborative filtering, in
contrast, is based on subjective parameters. Grouping users by similar ratings, which
they implicitly or explicitly give to items, leads to recommendations that are based
on similar likes or dislikes. The required effort to users is low or non-existing, the
latter if ratings are derived implicitly. Hybrid systems exist that try to combine the ad-
vantages of different recommender concepts. However, this work is focused on the
collaborative filtering concept (with memory-based algorithms) because it best fits the
requirements that were stated in Chapter 2.18
The four steps for the computation of the predicted relevance of a service in collab-
orative filtering process were introduced and each discussed for its suitability for the
context of this work. For each of the process steps, (i) the determination of ratings,
(ii) the computation of similarities between users, (iii) the selection of a neighborhood
for each user and (iv) the computation of predictions, several concepts exist.
For the first step, the determination of service ratings, which represent the rele-
vance of services, a concept was presented to implicitly derive ratings, thus removing
the need to explicitly require users to provide these. While other authors (Lieberman,
1995; Konstan et al., 1997; Billsus and Pazzani, 2000) present approaches to implic-
itly derive ratings from shopping data, number of references or reading time, the
approach at hand converts information about repeated usage into ratings.
Taking together the various options from each of the four collaborative filtering
steps, several concept compositions can be created. A testing process was introduced
to compare the outcome of such compositions in order to find the one with the best
prediction quality.
18The collaborative filtering is part of the most common hybrid systems (Burke, 2002). Therefore, all
findings from this chapter can be applied for further analysis of such systems.
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A final aspect for the implementation of a recommender system, which is barely
discussed in literature, is the channel through which recommendations are commu-
nicated to the users. Several options were presented and discussed with focus on
their visibility and obtrusiveness.
In summary, this chapter serves as a manual that can be followed when implement-
ing a recommender system into a corporate portal. It does not only discuss various
algorithms but also describes in detail how to test the quality of different concepts
and how to communicate the recommendations.
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Case Study: CoFiPot Recommender
System
In Chapter 3 Bayer’s Corporate Financial Portal (CoFiPot) was presented and chal-
lenges for the management of the portal were discussed. The users’ lack of knowl-
edge about the service portfolio that the portal offers was identified as a key problem.
It was shown that users barely browse the portal to learn about other services. There-
fore, it was decided to implement a recommender system for portal services. This
chapter describes the attributes of the CoFiPot recommender system and evaluates
its effects that were observed during a four month test period. During this period
the users of the portal were divided into two groups: a treatment group, which re-
ceived recommendations for services, and a control group, which did not receive any
recommendations. This division was made to subsequently determine whether the
recommender system has any influence on the usage patterns. Afterwards a survey
was conducted to determine the users’ experiences with the recommender system
and their overall satisfaction with the portal.
The overall aim of the case study is to analyze whether the recommender system
can positively influence the user’s knowledge about the portal. The effects are de-
termined by analyzing the number of visits to services that a user has previously not
visited. Accordingly, the research questions for the case study were:
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• R1: Does the recommender system influence the number of first-time visits to
services?
• R2: Can the recommender system increase the number of actively used services?
The first section of this chapter presents the initial requirements and constraints to
the recommender system and applies the selection process as proposed in the previ-
ous chapter (cf. Section 4.7). In the second section, the design of the recommender
system and the setup of the case study are presented. The third section summarizes
the effects of the system on the usage of the portal. The findings are further enhanced
with the results of the survey in the fourth section.
5.1. System Characteristics
For the implementation of the recommender system into the portal, the services to be
recommended, the rating system and the algorithms for user similarity and predic-
tion have to be defined. Thereby, the following constraints must be considered.
5.1.1. Requirements and Constraints
The information about the number of services being offered by CoFiPot and the num-
ber of its users was introduced in Section 3.2.3. As described in Section 4.1.2, some of
the 72 services are not supposed to be recommended. 8 services were excluded from
the recommender system because they provide functionalities that only a fixed and
known group of users is allowed to access. 26 services were flagged so that only those
users will receive recommendations for these services who are member of a role that
is authorized to access them. Therefore, 38 services remained to be recommended to
all users. 16 of them are protected and require authorization; the other 22 are acces-
sible for all users. For all these services the usage data of the four month period was
collected before the start of the recommender system.
Subsequently, the decision between explicit or implicit service ratings has to be
made. Based on the result of the expert interviews and discussions with the portal
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management, only implicit ratings were used. The decision was based on the require-
ment that the recommender system should not disturb the users by requesting infor-
mation and on the estimation that users would seldom provide explicit ratings.1 Fur-
ther restrictions were imposed regarding the display of the recommendations. These
are discussed in Section 5.2.
5.1.2. Implicit Rating Rules
The basic concept of implicit rating rules is to derive the relevance of a service for
a single user by analyzing his usage patterns (cf. Section 4.4.2). The more a service
is used by a user, the higher its relevance for this user is assumed. The challenge
in defining an implicit rating rule is to define a rule that returns a set of ratings with
high standard deviation. If a rule returns rather homogeneous ratings, it is difficult to
determine which ones are potentially more relevant when computing recommenda-
tions. A second challenge lies in defining the time frame from which the usage data
is taken. E.g. a rule derives ratings based on the weekly usage. An alternative rule
derives ratings based on monthly usage. Assuming that a user uses a service only in
one week of a month, the first rule will return a high rating, if it considers this one
week and a low one for the other weeks. The second rule, however, is less sensitive
for such fluctuations and will return the same rating based on the monthly average.
The length of the considered time frame depends on the usage patterns of the portal.
Since the implicitly derived ratings are part of the overall process to compute rec-
ommendations, the suitability of a rule also depends on the combination of selected
recommendation algorithms (cf. Section 4.7). Therefore, it is best to define multiple
rules and to test them with the potential recommendation algorithms.
For the CoFiPot recommender system, four rating rules for a five-point Likert scale
were defined; they are listed in Table 5.1. The basis for the determination of the rules
was usage data from a four month period. They were defined in multiple steps. Based
on a first version, all ratings and the resulting standard deviation were computed.
Afterwards, each rule was adapted and the new standard deviation was compared to
1This assumption was later confirmed by the low rate of explicit ratings for visited recommendations
as described in Section 5.2.2
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the previous one until the results of the adapted rule became less than the previous
version. In that case, the previous version was selected.
Rating Weekly average 1 (WA1) Weekly average 2 (WA2)
5 > 2 visits per week > 4 visits in 2 weeks
4 1-2 visits per week 3-4 visits in 2 weeks
3 > 2 visit in 2 weeks 2 visits in 2 weeks
2 1-2 visits in 2 weeks 1 visit in 2 weeks
1 > 1 visits in 2 months > 1 visits in 2 months
Monthly average 1 (MA1) Monthly average 2 (MA2)
5 > 8 visits per month > 24 visits in 3 months
4 5-7 visits per month 13-23 visits in 3 months
3 3-4 visits per month 7-12 visits in 3 months
2 2 visits per month 4-8 visits in 3 months
1 > 1 visits in 3 months > 1 visits in 3 months
Table 5.1.: The four CoFiPot implicit rating rules used for the further selection process.
All rules are using weighted interval ratings with different interval lengths as spec-
ified in Equation 4.4.2 The four rules were added as parameters for selection process
for the recommender’s algorithm composition.
5.1.3. Algorithm Composition
Following the rating rules, the method for the neighborhood selection had to be cho-
sen. Although CoFiPot has several thousand registered users, only a few more than
300 users actively use more than two services (cf. Table 3.2). Therefore, the neighbor-
hood for each user was not restricted any further to ensure a large enough neighbor-
hood to provide good predictions. Hence, the take all users approach was selected (cf.
Section 4.5).
The selection of four rating rules, one neighborhood composition method com-
bined with the user similarity and prediction algorithms, which were introduced in
2Rules with relative ratings (cf. Equation 4.5) were tested but returned ratings with a very low stan-
dard deviation and were consequently not further tested.
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the previous chapter, left three process steps with at least two choices as listed in
Table 5.2. Combining all options lead to 36 possible compositions.
Rating Rules User Similarity Algorithms Prediction Algorithms
Weekly Average 1 (WA1)
Weekly Average 2 (WA2)
Monthly Average 1 (MA1)
Monthly Average 2 (MA2)
Pearson’s Correlation (Corr)
Inverse User Frequency (IUF)
Vector Similarity (VS)
Average Rating (AR)
Weighted Sum (WS)
Adjusted Weighted Sum
(AWS)
Table 5.2.: Rules and algorithms used for the CoFiPot recommender test runs.
As specified in Section 4.7, four test methods, All but 1, All but 2, Given 2 and Given
5, were run for all these 36 compositions. The MAE, MSE, the correlation and the
percentage of missed predictions were computed for each test run. The latter values
showed that all test-runs with Pearson’s correlation coefficient had a missing rate of
over 14% with an average of 31%. This result means that less than 86%, at maximum,
of the removed ratings were actually predicted (cf. Section 4.7.2). This contradicts
the requirement to find all relevant items. Consequently, all test-runs with Pearson’s
correlation coefficient were excluded from further analysis. The remaining results are
listed in Table 5.3 with the top three results for each computed value set emphasized
in bold. E.g. the best MAE results for the All But 1 test run were 0.512, 0.522 and
0.522.
The comparison of the values for MAE and MSE showed the best results for the
MA1 rating rule, the WS and AR prediction algorithms with little differences between
the two remaining user-similarity algorithms VS and IUF. Taking into account the
results for the missing rate, the combinations using the VS algorithm lead to better
results than the ones using IUF. The best missing rates are achieved with both weekly
average algorithms in combination with VS. The results of the correlation analysis do
not reveal a dominant combination but confirm a positive relationship for all values.
The best correlation results occur for the VS algorithm but do not deliver clear result
regarding the rating rule or prediction algorithm.
As next step, the results were further evaluated to determine which of the factors in
the computation of the predictions influence the result and whether it also depends
on the combination of factors. Factors in this context are the three steps in the calcu-
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lation, rating rule, user similarity and prediction algorithm. Following the example
from Breese et al. (1998) the univariate analysis method (ANOVA) was used for this
purpose. The results are listed in Table 5.4. It shows that rating rule and prediction al-
gorithm have a significant impact for all test methods while the influence of the user
similarity algorithm is only measurable for G2 and G5. The combination of rating
rule and prediction algorithm shows significant results with all other combinations
without significant influence.
The result of the ANOVA tested the influence of each computation step. To evaluate
the differences within each step, e.g. between the different rating rules, the values
were analyzed using the Bonferroni method based on observed means (cf. Breese
et al., 1998). The results revealed significant differences between some of the factors
as summarized in Table 5.5. The detailed results are listed in Appendix G.
The analysis of Table 5.3 had shown the best results for the MA1 rating rule. Com-
bining this information with the values from Table 5.5, showing that MA1 has signif-
icant different outcomes compared to all other rating rules, lead to the decision, to
chose the Monthly Average Rating Rule 1 (MA1) for the CoFiPot recommender system.
The results of the ANOVA results had shown that the combination of rating rule
and prediction algorithm had a significant influence on the results. For the test runs
with MA1, the IUV and VS results did not have any significant differences; in fact,
there were no differences between these two algorithms for all test runs as Table 5.5
shows. According to these results, any of the user similarity algorithms could have
been taken. However, comparing the missing rates in Table 5.3 left the Vector Simi-
larity (VS) as best choice for the system because the missing rates for this algorithm
were lower compared to the results for combinations using IUF.
For the prediction algorithm, the values of the Bonferroni comparison showed sig-
nificant differences between the WS and AWS and also between AR and AWS with
exception of the AB2 test run. No differences were identified between WS and AR.
Again, the values in Table 5.3 had shown that AWS had worse results than the other
two algorithms. Therefore AWS was excluded. The final choice between AR and
WS was made for weighted sum, because the comparison of the MAE and MSE values
showed better results for the AB1 and AB2 test runs.
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Test Run Source Type III Sum df Mean F Sig.of Squares Square
AB1 Rating 88.131 3 29.377 55.122 0.000
UserSim 0.487 2 0.244 0.457 0.633
Prediction 12.672 2 6.336 11.888 0.000
Rating x UserSim 0.379 6 0.063 0.118 0.994
Rating x Prediction 13.610 6 2.268 4.256 0.000
UsersSim x Prediction 1.839 4 0.460 0.863 0.486
AB2 Rating 67.470 3 22.490 47.537 .000
UserSim 1.345 2 .673 1.422 .241
Prediction 3.996 2 1.998 4.223 .015
Rating x UserSim .216 6 .036 .076 .998
Rating x Prediction 8.442 6 1.407 2.974 .007
UsersSim x Prediction .975 4 .244 .515 .725
G2 Rating 639.534 3 213.178 354.186 .000
UserSim 17.310 2 8.655 14.380 .000
Prediction 244.331 2 122.166 202.973 .000
Rating x UserSim 2.354 6 .392 .652 .689
Rating x Prediction 23.586 6 3.931 6.531 .000
UsersSim x Prediction 4.619 4 1.155 1.919 .104
G5 Rating 548.408 3 182.803 316.510 .000
UserSim 46.911 2 23.456 40.612 .000
Prediction 28.330 2 14.165 24.525 .000
Rating x UserSim 6.515 6 1.086 1.880 .080
Rating x Prediction 33.146 6 5.524 9.565 .000
UsersSim x Prediction 1.806 4 .451 .782 .537
Table 5.4.: ANOVA results for the test of between-subjects effects for MAE values for the test
runs All but 1, All but 2, Given 2 and Given 5. The sources are the factors, rating
rule, user similarity algorithm (UserSim) and prediction algorithm and the combi-
nations of these.
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Compared Algorithms AB1 AB2 G2 G5
WA1 x WA2 1.000 1.000 .121 1.000
x MA1 .000 .000 .000 .000
x MA2 .000 1.000 .000 .000
WA2 x MA1 .000 .000 .000 .000
x MA2 .000 1.000 .000 .000
MA1 x MA2 .000 .000 .000 .000
Corr x IUF 1.000 .291 .000 .000
x VS 1.000 1.000 .000 .000
IUF x VS 1.000 1.000 1.000 1.000
AR x WS .425 .252 .210 .652
x AWS .000 .330 .000 .000
WS x AWS .000 .003 .000 .000
Table 5.5.: Multiple comparisons using the Bonferroni method for the All but 1, 2 and Given
2, 5 test runs. The results are based on observed means. E.g. the combination of
WA2 and MA2 have shown significant differences for the test runs AB1, G2 and
G5 but not for AB2.
Thus, in summary, the specifications for the CoFiPot recommender system were set
to:
• Rating rule: Monthly average 1,
• User similarity algorithm: Vector similarity,
• Prediction algorithm: Weighted sum.
With these settings, the recommendations for each user were automatically com-
puted every night and sorted by predicted relevance. Finally, it had to be decided
whether to show all recommendations independent from their predicted relevance to
the users. This approach would allow the display of recommendations with poten-
tially little relevance. It was arbitrarily decided to set the filter value to 1.5 so that all
recommendations with a lower predicted relevance are not displayed.
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5.2. Recommendation Display and Case Study Design
5.2.1. Notifications and Recommendations
With the settings for the daily recommendation computation process specified, the
portal interface had to be adapted to integrate the recommender system. Several
methods to communicate recommendations to the users had been introduced and
discussed in Section 4.8.1. Based on them, the following five were presented and
rated in the expert interview (cf. Section 3.3):
• Random pop-up display with a maximum of one appearance per week,
• display in the footer comparable to the recommendations at Amazon,
• a balloon-tip appearing in the lower right corner of the portal,
• in combination with the portal’s notifier service (The notifier informs each user
about important messages from services), and
• a regular automatically sent email.
The preferences of the interviewed managers differentiated strongly. Figure 5.1
shows the answers. The footer display got the highest ratings followed by notifier
and balloon-tip. Concerning the option to open a pop-up window, the comments
revealed a strong opposition against any display pattern that requires users to man-
ually discard the message. Similarly, some managers opposed the automatic sending
of emails because it would distract users from working and further fill their mailboxes
with “irrelevant” mails. The high ratings for the footer-display were commented with
the advantage of the approach that it does not disturb users, because it does not block
any content and still is more visible than the notifier.
The first three options were further discussed with portal management. Although
the footer had received the best ratings, the final decision by management was to
combine the recommendation display with the portal’s notification system. The ar-
gumentation against the display in the footer was that it would (i) irritate the users
when such messages were displayed below the services and (ii) require them to scroll
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Figure 5.1.: Expert interview results: Rating of recommendation display methods on a five-
point scale with five as highest rating. Each Option with average and standard
deviation in brackets.
down to see them. The final design decision as shown in Figure 5.2 was to add an
icon next to the notification system. Clicking on the icon shows the top three recom-
mendations.
The decision to show the top three recommendations was based on the idea that
three items were likely to attract a user’s attention but would not appear overwhelm-
ing or randomly selected as more items might have done.
This decision was critically discussed with management, because the chosen ap-
proach would not guarantee a high visibility. The first objection was that only users
of certain services receive messages from the notification system. Therefore, all others
users are not likely to check for any messages by looking at the notification icon next
to the recommendation icon. Secondly, the separation between notification messages
and recommendations further minimizes the likelihood of users looking at them.
Mixing the notification messages with recommendations would at least have caused
users to see them when they check for new notifications. But with the chosen ap-
proach the users were required to actively click the notification icon to see any mes-
sage. Without this action, they would not be able to detect them. The results of the
survey, which was conducted to evaluate the system, confirmed these concerns and
will be discussed in more detail in Section 5.4.
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Figure 5.2.: Screenshot of the CoFiPot recommender. The icon and message box are located in
the lower right corner of the portal. To the left of the recommender icon is the icon
for the notification messages. Clicking on the icon opens the recommendations as
shown in the right image.
5.2.2. Recommendation Visit Process
When a user clicks on the recommender icon, a list with the top three recommen-
dations is shown (cf. Figure 5.2). Each recommendation provides a link to the rec-
ommended service. When a service is visited through this link, the system shows a
short description of the service’s main functionalities, if available. In addition a feed-
back form is displayed that allows the user to rate the quality of the recommendation.
Figure 5.3 shows this feedback form.
Figure 5.3.: Explicit feedback form for recommendations.
Once a user has visited a recommended service through the provided link, the rec-
ommendation is immediately removed from the list. If the service is visited through
the menu or another link, the recommendation will remain visible until the next
nightly update-process. This process will detect that the user has visited a recom-
162
5.2. Recommendation Display and Case Study Design
mended service and therefore not generate a new recommendation for it. Users can
also manually remove recommendations by clicking the “x” next to the recommen-
dation message as shown in Figure 5.3.
In both cases, the visit of a recommended service or the manual removal of a recom-
mendation, the next recommendation with the highest predicted relevance is at once
added to the recommendation list. Thus, each user will see three recommendations
as long as there are that many available.
5.2.3. Case Study Setup
Once the recommender system was implemented, a four month observation period
started (March - June). In this period users were separated in a treatment and a con-
trol group. Members of the latter did not see any recommendations. During the
observation period no changes were made to the portal’s service structure. Further-
more, data had already been collected for the four months previous to the observation
period during which the service portfolio had not been changed. Thus, the number
of services is consistent between the two periods so that usage patterns from both
periods are comparable. In the remainder of this chapter, the periods are named com-
parison and treatment period, respectively.
Treatment and Control Group
The assignment of users to the treatment or control group was performed randomly
with regard to the user activities. To receive comparable groups, all users were split in
groups according to their activity level as introduced in Section 3.2.1. In each activity
group the users were randomly assigned to one of the two groups. The resulting
groups with 2713 users in the treatment and 2568 users in the control group are shown
in Figure 5.4. Every new user, who visited the portal during the treatment period for
the first time, was randomly assigned to one of the groups.
During the treatment period 3434 users of the treatment group and 2073 of the
control group actively used the portal. The differences to the previous period are
explicable with the fact that (i) several users of the control group did not access the
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Treatment Group Control Group
Figure 5.4.: Treatment and control group clustered by activity level at the beginning of the
treatment period. The numbers show the absolute size of each group and the
relation to the overall group size.
portal during the treatment period and (ii) that multiple users of the treatment group
had not been active during the comparison period but were active again in the treat-
ment period. Restricting the perspective on users who actively used the portal in
both periods leaves 1408 users in the treatment group and 1287 in the control group.
Table 5.6 summarizes the specified groups and shows the average number of visits to
the portal per user.
Group Users Total Visits
Avg StdDev
T1 2871 23.982 90.123
T2 3546 24.388 87.039
C1 2709 17.659 62.818
C2 2073 26.040 74.296
T1* 1408 45.744 124.848
T2* 1408 53.668 130.642
C1* 1287 34.103 88.119
C2* 1287 39.041 91.104
Table 5.6.: Users split in treatment (T) and control (C) group for comparison (1) and treatment
period (2). The values for total visits represent the average number of visits per
user per period.
* Users who have actively used the portal in both periods
In the analysis in Chapter 3, it was found that the majority of users had only visited
a small number of services. Thus, for each user a multitude of services remained to
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be discovered. Accordingly, a check of the computed recommendations showed more
than three feasible recommendations for each user.3
5.3. Case Study Evaluation
To increase the visibility of the recommender system, the list of recommendations
was set to open automatically4 for each member of the treatment group during his
first visit after the start of the treatment period. This procedure was later repeated
several times to increase the visibility of the recommendations. In order to detect the
recommendations, each user either had to notice this short opening of the recommen-
dation list or the new icon next to the notification messages icon (cf. Figure 5.2).
5.3.1. Recommendation Visits
The usage of the recommender system was constantly monitored during the treat-
ment period. Figure 5.5 shows the recommendation visits. The repeated procedure
of opening the recommendation list is emphasized with red lines. It shows a peak
following the initialization of the system but no major changes due to the repeated
procedure. The timeline also covers a short period after the end of the treatment pe-
riod showing a slight usage increase. This increase is probably related to the user
survey that asked users whether they have seen the recommendation system. As the
subsequent analysis of the survey will show, many users did not detect the recom-
mender system. Therefore, it can be assumed that a few of them tested it after they
had learned about it in the survey.
A total of 226 recommendations were visited by 128 users during the treatment
period (3.73% of the treatment group). This leaves 3306 users in the treatment group
who either did not see the recommendations or chose not to follow them. These num-
bers indicate that the system was not detected by most users as predicted during the
discussions about its design (cf. Section 5.2.1). Table 5.7 extends Table 5.6 with the
3Excluding three users who were identified as portal administrator.
4If not activated, the message box disappeared after 10 seconds.
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Figure 5.5.: Recommendation visits during treatment period. Overall daily visits.
information about the user group who used the recommender system (R) for both
periods. It shows that except for nine users, all others have actively used the portal
in the comparison period. Furthermore, the high average of visits in comparison to
the values in Table 5.6 indicates that rather active users have visited the recommen-
dations.
Group Users Total VisitsAvg StdDev
R1 121 159.719 321.778
R2 128 180.762 305.552
Table 5.7.: Users who visited at least one recommendation for comparison (1) and treatment
(2) period with number of total visits in each period.
An indicator for the quality of the recommendation besides the explicit ratings is
the amount of services that users continued to use after they had visited them based
on a recommendation. Of the 226 visited services, 31 were visited again by the user,
half of them more than once. It is difficult to further interpret these numbers, because
some of the follow-up visits took place a few weeks after the initial visit and others
within days. This can partially be explained with the fact that some services are only
relevant during specific time periods, e.g. the end of a month (cf. Section 3.2.4). To
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Figure 5.6.: Visited recommendations per user (Avg: 1.766; StdDev: 1.624) restricted on all
users who visited at least one recommendation. The groups are exclusive, e.g.
users who visited more than one recommendation are not included in the first
group.
create a founded analysis, the follow-up usage patterns for each visited recommenda-
tion would need to be analyzed for at several months after each visit. Thus, it can be
ensured that even services that are only relevant at the end of a quarter are covered.
Unfortunately, the data of the treatment period could not be analyzed for such a time
period. Therefore, the analysis has to remain superficial.
5.3.2. Recommendation Ratings
Only 11 explicit ratings were given by six users which constitutes a feedback rate of
4.86%. The ratings in combination with the predicted relevance and the number of
follow-up visits are shown in Table 5.8. The recommendations which lead to follow-
up visits all received high ratings of four or five. The majority of the remaining ratings
were at a similar level with only two below three. However, a detailed analysis would
require more ratings and, as described above, more information about the long term
usage of the recommended services.
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User Follow-up Rating PredictedVisits Relevance
A 1 4 2.3
0 4 1.82
B 0 2 2.3
C 0 4 2.46
0 1 3.22
D 8 5 2.96
3 5 2.5
3 4 2.65
3 5 2.74
E 8 4 3
F 0 5 2.56
Table 5.8.: Explicit ratings for recommendations with predicted relevance and number of
follow-up visits grouped by users.
5.3.3. Service Usage Evaluation
The analysis of the recommendation visits so far showed that some users used the
recommender system to explore new services. However, it has to be critically stated
that only 3.73% users of the treatment group have visited at least one recommended
service. However, it is unclear whether some users of the treatment group visited any
new services motivated by the recommendation message without using the provided
link. Instead they could have visited a recommended service through the portal’s
menu. In addition, some users might have been motivated by seeing the recommen-
dations to browse the portal for new services.
The aim of this section is to determine whether differences exist in the usage pat-
terns between the treatment and control group. The dependent variables are the
number of new visits (NV) and the number of new visits that lead to follow-up vis-
its (NV*). The first variable serves as an indicator for the browsing patterns of the
user base. High values indicate a higher motivation to search for potentially relevant
services. The second variable serves as success rate of the browsing.
As first analysis, it was tested whether differences exist between the treatment and
the control group during the treatment period. Accordingly, the hypotheses were:
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• H1: The number of newly visited services is significantly higher for the treat-
ment group than for the control group in the treatment period.
• H2: The number of newly visited services that were subsequently used is signifi-
cantly higher for the treatment group than for the control group in the treatment
period.
To ensure that the groups were not biased, it was also required to test whether the
two groups had similar usage patterns in the comparison period. Figure 5.7 shows
the available data and the comparisons that were made. The comparison between
the two groups during the comparison period is marked with (a) and the comparison
required to test the hypotheses with (b).
Treatment 
Group
Control 
Group
Comparison Period Treatment Period
T1
C1
T2
C2
t
(a) (b)
Figure 5.7.: Available data for treatment (T) and control group (C) for the two periods.
The data was compared using an independent two-sample two-sided t-test. The
results are listed in Table 5.9. They show significant differences at a 1% level for the
newly visited services (NV) in the treatment period between the two groups (a). Thus,
H1 can be confirmed. The result for the comparison of the newly visited services that
were subsequently used is similar; H2 was also confirmed with a higly significant
result. The validation wether any differences existed between the groups during the
comparison period (b) shows no significant differences between the means can be
identified for neither NV nor NV*. The basic analysis indicates a positive effect of the
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recommender system because significant differences between the two groups during
the treatment period were identified while there were none during the previous com-
parison period. This is also recognizable in Figure 5.8, which shows the number of
new visits per week for the two groups.
Groups NV NV*t Sig. t Sig.
(a) T1 x C1 0.790 0.430 1.474 0.141
(b) T2 x C2 3.648 0.000 3.132 0.002
Table 5.9.: Result of the t-tests for new visits (NV) and new visits that were revisited (NV*).
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Figure 5.8.: Comparison: New service visits per week for treatment (T) and control group (C).
To measure the effect of the recommender system, the data was analyzed using the
difference in difference method (Ashenfelter and Card, 1985). This method compares
the two groups over the two periods and removes biases that could be the results of
a trend. The model for this method is given by
y = β0 + β1TG + δ0TP + δ1TP ∗ TG (5.1)
where y is the outcome of NV or NV* and TG is a dummy variable that captures
possible differences between the two groups. TP is a dummy variable for the treat-
ment period that captures aggregate factors that would cause changes in y caused by
trends independent of any treatment. The final variable is the interaction of TP ∗ TG,
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which is a dummy variable equal to one for the observations in the treatment group
in the treatment period.
The results of the regression analysis are summarized in Table 5.10. For the newly
visited services (NV) the values indicate a significant effect of the treatment. The
highly significant result for δ0 show an overall negative trend; the number of newly
visited services declined between the two periods. This is also recognizable in Fig-
ure 5.8. The positive significant result for δ1 reveals a positive effect of 15.9% of the
treatment compared to the control group. It shows that the users from this group,
who were supported with the recommender system, did visit that many more new
services. This confirms the initial results of the t-tests.
Unstandardized Standardized
Factor Coefficients Coefficients t Sig. R2
B Std. Error Beta
Dependent Variable: New Visits (NV)
(Constant) 1.055 0.38 27.460 .000 .002
β1 .042 .054 .010 .788 .431
δ0 -.219 .058 -.055 -3.748 .000
δ1 .159 .077 .037 2.070 0.038
Dependent Variable: New Visits with follow-up visits (NV*)
(Constant) .340 .016 21.360 .000 .016
β1 .038 .022 .022 1.707 .088
δ0 -.223 .024 -.133 -9.200 .000
δ1 .019 .032 .011 .593 .553
Table 5.10.: Results for the regression for difference-in-difference method with the dependent
variables NV and NV*.
The results for the newly visited services that were subsequently used (NV*), how-
ever, do not further strengthen the initial findings. A negative trend similar to to the
newly visited services exists but no significant effects of the treatment are observable.
To evaluate the effects of other influence factors, two more were added to the re-
gression. The model is given with
y = β0 + β1TG + δ0TP + δ1TP ∗ TG + κ0TV + κ1LT (5.2)
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The variable TV represents the total number of visits over the two periods, which
serves as indicator for the influence of the user’s activity level. LT is a dummy vari-
able whether a user belongs to the group of long term users who have been registered
in the portal for more than a year. The results that are listed in Table 5.11 show highly
significant influences for both factors. Obviously, the activity level positively influ-
ences the number of new visits (NV). The more a user visits the portal, the more new
services he is likely to visit. More interesting is the result for long term users. A long
term membership in the portal positively influences the number of new visits. This
is surprising because a negative influence would have seemed reasonable: new users
would seem more likely to be the ones who look for potentially relevant services.
However, the results indicate that in CoFiPot the more experienced users are more
likely to look for new services.
Unstandardized Standardized
Factor Coefficients Coefficients t Sig. R2
B Std. Error Beta
Dependent Variable: New Visits (NV)
(Constant) .930 .038 24.361 .000 .047
β1 .004 .052 .001 .080 .936
δ0 -.269 .057 -.067 -4.706 .000
δ1 .219 .075 .051 2.904 .004
κ0 .005 .000 .182 18.687 .000
κ1 .374 .058 .063 6.445 .000
Dependent Variable: New Visits with follow-up visits (NV*)
(Constant) .302 .016 19.056 .000 .057
β1 .024 .022 .014 1.121 .262
δ0 -.241 .024 -.144 -10.147 .000
δ1 .036 .031 .020 1.159 .246
κ0 .002 .000 .203 20.879 .000
κ1 .008 .024 .003 .352 .725
Table 5.11.: Results for the regression for difference-in-difference method with the dependent
variables NV and NV* extended with variables for total visits per user and an
indicator long term membership.
The second analysis for NV* also shows that the number of total visits has a highly
significant influence; with 2% it is, however, smaller than the 5% for NV. Still, more
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active users are more likely to start using a new service. The second variable for
long term users does not reveal any significant inlfuence. This shows that the lenght
of membership in the portl does not influence the decision to start using additional
services.
In summary, the results from the t-tests and the regression analyses indicate a pos-
itive influence of the recommender system. Significant differences between the con-
trol group and the treatment group were identified. The result for the difference-
in-difference variable with 15.9% gives an estimate for the impact of the treatment.
The additional inclusion of factors for activity and length of membership revealed
additional influence factors on the number of newly visited services.
It has to be stated critically that less than 5% of the treatment group visited at least
one recommendation. This leaves the question why the others did not use the rec-
ommender system. It is even more surprising that despite the small percentage of
recommender users within the treatment group the effects compared to the control
group were significant. An open question, which is addressed in the following sec-
tion, is whether some users from the treatment group visited recommended services
without clicking on the provided link and thus had not been detected.
5.4. User Survey
A survey among all users was conducted at the end of the treatment period. Several
objectives were pursued with the survey. The key questions for the research were
whether the users consciously noticed the recommender system and, in case they
did, how they evaluate its value for the portal. The remaining questions focused on
the overall satisfaction with the portal. The answers to the anonymous survey were
stored together with the usage patterns of each participant. Thus, it is possible to
compare the actual usage of the recommender system with the given answers.
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5.4.1. Participants
The survey was conducted by showing a message to all users while they were visiting
the portal. 272 users participated in the survey. 175 (64.34%) of those were member
of the treatment group and thus had access to the recommender system. Similar
to previous evaluations, the users were grouped by their activity level as shown in
Figure 5.9. The values show that mainly very active users participated and only 7
(3%) who seldom used the portal. The distribution of users did not vary between the
treatment and control group. 30 users (11.03%) among all survey participants had
visited at least one recommendation.
3%
35%
62%
6-10 visits
11-25 visits
>25 visits
Figure 5.9.: Survey participants grouped by their monthly activity level. The activity level is
based on the data collected during the treatment period.
5.4.2. Overall Perception of the Recommender System
The first set of questions focused on the overall perception of the system. The first
question asked whether they had noticed the recommendations. To avoid any mis-
understandings, a screenshot of the recommendation messages was displayed next
to this question. 50 users positively answered this question as shown in Table 5.12;
all of them were member of the treatment group.5 The 50 positive answers show that
5The question whether the user had noticed the recommender system was also shown to the control
group but none answered with “yes”. Such cases could have indicated possible misunderstandings
with the question.
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28% of the users from the treatment group, who answered the survey, had noticed
the recommender system. The usage analysis had resulted in a rate of less than 5%.
This difference can have several reasons. It could indicate that many users have seen
the recommendations but did not further look at them. On the other hand, the usage
analysis had shown that most of the recommender users were part of the rather ac-
tive user group. The participants of the survey were also mainly part of this group.
Thus, the higher rate of 28% can also be explained with a higher perception rate of
the system within the group of active users.
A critical factor in the answers to the first question is the fact that seven of the users
who answered with “no” actually had visited a recommendation. It is difficult to
explain this result other than with careless answer patterns or with misconceptions
of the question despite the display of the screenshot.
All users Rec-User*
yes 50 (28.57%) 23 (13.14%)
no 125 (71.43%) 7 (4.00%)
Total 175 30 (17.14%)
Table 5.12.: Number of participants who have seen the recommendations.
* Users who followed a recommendation according to the usage log
The remaining questions were only shown to the 50 users who had seen the recom-
mender. Therefore, all following answers are in reference to this number. The second
question asked whether the users had looked at any of the recommended services.
26 (52%) answered with “yes” with 15 who had visited recommendations according
to the usage analysis. Eight users who also had visited recommendations answered
with “no”. Six of them had visited the recommendations within the first week of
the treatment period. Thus, a possible explanantion is that they forgot that they had
visited them. Otherwise this matter can only be explained with careless answers.
The fact that 11 of the 26 users (42.3%) who answered that they had looked at rec-
ommendations were not among the recommender users identified in the usage log
analysis underlines the assumption that some users did not follow the provided link
in the recommendation message but rather visited the recommended service by se-
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lecting it in the menu. Thus, these visits were not detected by the system. Consid-
ering this fact, it can be assumed that more users of the treatment group followed a
recommendation as the 3.73% that were identified in Section 5.3.3.
All 26 users who had stated that they had visited at least one recommended service
were asked whether any of these services was of interest for. 17 (65.38%) of them
gave positive answers. The answers of the 15 users whose recommendation visits
were recorded by the system were further compared with the usage data. The values
are listed in Table 5.13 and 5.14. The six users who answered that no recommendation
was of interest had visited a total of 20 recommended services (3.33 per user). Two
users actually have visited one of the recommended services two more times after
the first visit. A long term analysis might deliver better insights since it would show
whether the regularly use the service although they declined this. The nine users
who positively valued the recommendations together visited 40 services (4.44 per
user). They revisited eight of them with four services being visited more than seven
which indicates that they are of relevance to them.
The numbers confirm the given answers. The users have found relevant services
through the recommender system. Furthermore, the higher rate of visited recommen-
dations per user among the users who found relevant services (5.33 visits per user)
compared to the other users (3.33) shows that positive experience with the system
motivate users to further look at recommendations.
All users (50) Rec-User* (23)
yes (a) 26 (52.0%) (b) 15 (65.22%)
no 24 (48.0%) 8 (34.78%)
Table 5.13.: Survey question: Have you looked at any recommendation?
* Users who followed a recommendation according to the usage log
The 24 users who had answered that they had not visited any recommendation
were asked to choose among several reasons why they did not do so. Multiple selec-
tions were possible. Two third (16) agreed with the choice that they did not have the
time to do so, a quarter (6) that the recommendations did not look interesting, four
that they already knew the recommended service and three that they did not have
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Group a** Group b** Visited rec.(Avg; StdDev)
Revisited rec.***
(Avg; StdDev)
yes 17 (65.38%) 9 (60.0%) 40 (4.44; 3.36) 8 (2.0; 1.41)
no 9 (34.62%) 6 (40.0%) 20 (3.67; 2.58) 2 (1.0; 0)
Table 5.14.: Survey questions concerning the overall perception of the recommender system:
Were any of the recommendations of interest to you?
** Groups marked in Table 5.13
*** Services, a user has at least visited three more times
access to it (cf. Figure 5.10). The indication of lack of time shows one of the key prob-
lems, which was already discussed in the first part of this work (cf. Section 3.2.4).
Obviously even the prospect of learning about a possibly interesting service does
not sufficiently motivate users to interrupt their current work process. This leads
to the question for further research whether users would rather prefer of receiving
a summarized report of recommendations via mail. Thus, they could choose when
to visit the recommendations. The disadvantages of this approach had already been
discussed in Section 4.8. The answer that four users already known one of the recom-
mended services are most likely explicable with the fact that it was formerly6 possible
to visit some of the services without being logged in to the portal. In such cases, the
recommender system could not know whether users already knew the service. Other
explanations can be that the users had learned about the services from other users or
that they had mistaken them for another service.
With final question of this set users were asked to rate the statement “I started using
new services based on the recommendations” on a scale from 1-5 with 5 represent-
ing total agreement. This question adds on to the previous one who only demanded
whether any of the recommendations was of interest. The answers shown in Fig-
ure 5.11, with an average of 2.76 and a standard deviation of 1.12, reveal no obvious
preference. Similar to the previous question, the answers were compared to the us-
age data, if available. Two of the users who answered with a four had started using a
new service and two of those who rated the statement with a three. One of the users
who only rated with a two had even revisited one of the recommended services 14
6Before October 2010.
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Figure 5.10.: Answers to the question why users did not visit any recommendation. Multiple
selections were possible with 24 users providing answers.
times. The answers to this and the previous question show that some of the recom-
mendations were of relevance to the users and in some cases lead to constant usage.
It remains unclear why some users denied this answer although usage data showed
it.
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Figure 5.11.: Did users start using new services based on recommendations. Rating on a five-
point scale with 5 being the highest.
Valid Answers: 42, Avg: 2.76, StdDev: 1.12
In summary, the answers show a positive effect of the recommender system among
the users who detected it. Half of the users tested it while the remaining ones did not
due to lack of time or because the recommended services did not appear interesting.
The majority of the users found the recommendations interesting with some having
found new services for constant use.
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5.4.3. Satisfaction with the Recommender Systems
The second set of questions focused on the satisfaction with the recommender system.
All questions in this set requested users to rate statements on a five-point scale with 5
being total agreement. Two questions pointed at the usefulness of the recommender
system. The first asked whether the recommender system was a useful addition to
the portal and the second whether any of the recommendations were useful. The
answers are shown in Figure 5.12 and reveal a positive perceived usefulness of the
individual recommendations (a) with an average of 3.3 (StdDev: 0.86) and also of
the entire system (b) with 3.67 (0.82). More than half the users who have noticed the
recommender system see it as a positive addition to the portal.
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Figure 5.12.: Survey: Perceived usefulness of the recommender system.
a) Valid answers: 46, Avg: 3.67, StdDev: 0.82
b) Valid answers: 40, Avg: 3.33, StdDev: 0.86
With regard to the desired effects of the recommender system, users were asked
whether the system helped them in better getting to know the portal. The results
shown in Figure 5.13 with an average of 3.03 (1.05) reveal no main agreement or
disagreement. Still, 32.5% of the users have a rather positive opinion of the system.
During the implementation phase the design of the recommender system and the
availability of information about each recommended service have been critically dis-
cussed (cf. Section 5.2). Therefore, users were asked about their perception of the
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Figure 5.13.: Replies to learning-effect question: “The recommendations helped me getting to
know CoFiPot better”.
Valid answers: 40, Avg: 3.03, StdDev: 1.05
information availability when using the recommender system. The two questions
shown in Figure 5.14 were designed to be comparable. The first asked whether suf-
ficient information was available and the other whether there was not enough infor-
mation. It was expected that users would provide similar answers for both questions
with one side being negative and the other positive. The correlation for the answers
with one side transformed7 resulted in a negative correlation of -0.08. This result
questions the reliability of the answer. However, as the graphic and the averages of
3.02 and 2.84 show, the users do not regard the availability of information as a consid-
erable problem. Still, the values demonstrate that there is potential for improvements.
In summary, the majority of the survey participants regard the recommender sys-
tem as positive addition to CoFiPot. However, only half of them took the time to
look at a recommended service while the remaining lacked the time to do so or did
not consider their personal recommendations as relevant. Besides the information
about the lack of time to look at the recommendations, the rate of 28% of the users
from the treatment group who perceived the recommender system is one of the most
critical aspects that the survey revealed. Obviously, the visibility of the recommen-
dation messages is too low which confirms the concerns that were stated during the
discussion about the interface design. Improving the visibility requires therefore the
7Ratings of 5 were converted to 1 and 4 to 2.
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Figure 5.14.: Questions about the availability of information on a five-point scale (with 5: to-
tally agree).
a) Valid answers: 40, Avg: 3.03, StdDev: 1.00
b) Valid answers: 37, Avg: 2.84, StdDev: 0.93
highest attention. The detail level of the recommendation description had been an-
other concern. However, the answers to the related questions show that users have a
neutral opinion.
5.5. Chapter Summary
This chapter demonstrated how a recommender system was implementation into
CoFiPot based on the concepts that had been presented in Chapter 4.
The comparison of different algorithms demonstrated that the decision needs to
incorporate multiple factors such as the missing rate of each composition, the MAE
and MSE values. In the presented case, the results for compositions with the inverse
user frequency algorithm were similar to the ones based on the vector similarity algo-
rithm. However, by comparing number of missed predictions, it was shown that the
vector similarity algorithm delivered better results with a lower missing rate. There-
fore, this algorithm was chosen for the computations of recommendations in CoFiPot.
The results show that the testing process is required for every new implementation
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of a recommender system. The different compositions of algorithms and rating rules
have to be tested with real data in order to find the best matching concept.
The effects of the system were analyzed by comparing the number of newly vis-
ited services between users who were shown recommendation and a control group.
Usage data from a comparison period previous to the implementation of the recom-
mender system was included in the analysis. The research questions were accord-
ingly whether the recommender system leads to significant differences between the
two groups. The results show such a positive effect of the recommender system.
Users from the treatment group visited more services that they had not visited before
and also started using more services than the users from the control group. These
effects occurred even though less than 5% of the treatment group’s users did actually
visit a recommendation according to the usage logs. However, it can be assumed that
a higher percentage actually followed the recommendations but were not detected by
the system because they did not follow the provided links. This assumption is under-
lined by the survey; several participants stated that they had visited recommendation
but were not detected through the usage analysis.
Despite the significant effects of the system, the low visibility of the system has
to be seen critical. Only 28% of the participants of the survey detected it. Taking
into account that the majority of the participants were among the most active portal
users, the detection by less active users is likely to be even lower. This assumption is
confirmed by the analysis of the group of users who have visited recommendation ac-
cording to the usage analysis: less than a third of these users visit the portal less than
11 times per month. Therefore, the focus for the improvement of the recommender
system should be laid on the visibility of the system. Whether a different design or
one of the alternative communication pattern as discussed in Section 4.8 will lead to
a higher visibility has to be tested.
Another relevant result of the survey is that several users did not explore the rec-
ommendations, because they lacked the time to do so. These answers should also
be considered when improving or changing the communication pattern for the rec-
ommendations. A simple solution might be to add a “remind me later” option to a
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recommendation, but it is also possible that a different mode of informing the users
about recommendations, e.g. via mail, could lead to a higher usage rate.
Taking together the visibility and the lack of time problem emphasized the require-
ment to support concepts such as the recommender system, to not request any user in-
put. If users do not even have the time to follow a recommendation, they are unlikely
to provide input such as explicit ratings. This is underlined by the six users who pro-
vided explicit ratings after having followed a recommendation with 248 other users
who did not.
The case study showed that a concept that does not require any user input has the
potential to increase the users’ knowledge of the service portfolio of a corporate por-
tal. This fulfills the key demands to the concept that were specified in Section 2.4.4.
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Chapter 6.
Concluding Summary & Outlook
In this work, two main topics were covered: effects of corporate portal evolution
and the concept for a corporate portal recommender system. The effects of constant
corporate portal evolution were identified from the users’ perspective and concepts
to support portal management in handling with the resulting challenges were intro-
duced. By means of the CoFiPot case study, the findings were further evaluated. One
of the concepts, a recommender system for corporate portal services, was selected
for a closer evaluation. In the second part, a model for the implementation of such a
system was developed and applied for the CoFiPot case study.
6.1. Contributions
Basis for the analysis of corporate portal evolution was new a classification for cor-
porate portals that was defined in Chapter 1. The literature overview had shown that
existing classifications did not reflect the advancements in (web) technology. Espe-
cially the possibility to integrate all kinds of applications into a portal is not covered;
existing scientific papers are rather focused on the knowledge management aspects
of corporate portals. The classification that was defined in this work distinguishes
between three main portal types:
• business application portal,
• application integration portal,
• employee portal
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Moreover, for each type three evolutionary stages were introduced that allow to
further differentiate the requirements of existing or planned portals.
With the classification as basis, the focus was shifted to the topic of corporate por-
tal evolution in the second chapter. Thereby, the reasons for portal evolution and
effects of this process were analyzed concentrating on the user perspective. It was
shown, that changing user requirements and a users base with employees from dif-
ferent departments put high demands on the ongoing portal development process.
Likewise, the implementation of new services and upgrades of existing ones require
users to continuously adapt. These challenges were evaluated in detail and core tasks
for portal users and management were derived and grouped by two core missions:
• to help users in their search for services and
• to provide a high usability.
Furthermore, the tasks were discussed in relation to the different corporate portal
types and evolutionary stages.
As next step, several concepts to meet the identified challenges were presented.
These concepts were taken from different areas and put very different demands to
either portal users, management or developers. E.g., internal marketing and the or-
ganization of trainings are tasks that have to be executed by management while a rec-
ommender system is a portal service that will run automatically without any input
requirements. Usability engineering and portal design are tasks for portal developers
and documentation involves multiple stakeholders. Each concept was discussed for
its applicability for the different portal types and evolutionary stages.
With the identified tasks and support concepts, which are moreover discussed with
reference to the portal types and evolutionary stages, a concept was presented that
facilitates the planning process for portals. The concept helps in identifying the needs
of users for the given portal type and stage.
The case study of CoFiPot, which was introduced in Chapter 3, presents a typical
application integration portal at the highest evolutionary stage. According to the
specifications that were made in the second chapter, challenges related to the growth
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of the portal since its implementation in 2001 were identified by analyzing usage data
and further performing an expert interview. Two key challenges for CoFiPot were
identified: (i) users barely know portal’s service portfolio. Even very active users
only visited a few of the services they had access to. Moreover, the expert interview
indicated that several of the managers do not either know the range of services being
offered by the portal. With regard to the lack of knowledge, it was shown (ii) that
users do not browse the portal for other services by themselves. Therefore, with help
of the findings from the second chapter, the concept of a recommender system for
portal services was chosen to increase the users’ portal knowledge.
The second part of the work was focused on finding an appropriate recommender
system for implementation into a corporate portal. Accordingly, as first research step,
the requirements for a corporate portal recommender system compared to common
recommender systems were identified. Key findings in this context were the size
of the targeted system which is rather low for a corporate portal compared to e-
commerce applications. Also, the heterogeneity of the services and users and further-
more aspects of scalability and access control were identified as differences to com-
mon recommender systems. Based on this findings, the following research pointed
at the task of developing a concept for the computation of recommendations with the
research question: Which recommendation technique is best suited for a corporate portal
recommender system?
For this purpose, different concepts for recommender systems were briefly dis-
cussed. The collaborative filtering technique was identified as best match for the
requirements of corporate portals. This technique, which provides a variety of algo-
rithms for each step in the process of computing recommendation, has to be adapted
to the needs of each targeted portal. Therefore, a model to select and test an appro-
priate set of algorithms was defined. Among these algorithms, the method to derive
implicit ratings for services from usage data was developed in this work. The other
algorithms were taken from scientific literature with regard to the predefined crite-
ria for corporate portals. Also, further considerations regarding the communication
channels were presented.
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Chapter 5 demonstrated how to apply the model from Chapter 4 by describing the
implementation of a recommender system into the Corporate Financial Portal. Be-
sides the testing of the implementation model, two research questions were pursued
by analyzing the usage of the recommender system and performing a survey:
• Does the recommender system influence the number of first-time visits to services?
• Can the recommender system increase the number of actively used services?
For this purpose, only half of the users were shown the recommender system. Their
usage patterns were compared to the other group and, furthermore, to their previous
usage patterns. The findings showed that the users of the treatment group visit sig-
nificantly more new1 services and also started using more new services. This is even
more remarkable because the usage statistics showed that most users did not noticed
the recommender system. While this revealed major disadvantages with the cho-
sen communication channel for the recommendations, it also demonstrates the high
potential of the selected concept. If a small percentage of users who follow recom-
mendations already causes measurable differences in usage, a higher visibility of the
recommender system will surely benefit the overall usage of a corporate portal. The
findings from the survey backed these assumptions. It showed that users appreciate
the recommender system and see it as a valuable addition to CoFiPot.
6.2. Outlook
6.2.1. Corporate Portal Engineering
The classification model for corporate portals that was developed in Chapter 1 will
help in structuring existing and new research on corporate portals. While business
intelligence portals have been widely discussed in scientific literature, especially in
the field of knowledge management, application integration and employee portals
require more attention. The potential of application integration will continue to in-
crease the importance of the portal technology. In this context, the aspect of the inte-
1“New” in this context means a service that a user has not visited before.
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gration of internal and external (web) services will raise the range of processes that
can be provided through a portal to the employees of a company.
As discussed in the second chapter, the process of continuous portal engineering
plays an important part in the ongoing evolution a portal. This aspect should be
further discussed and backed with more case studies on the subject. Thereby, the
focus should be laid on the “soft” challenges related to keeping users informed about
the potential that the portal offers to support their work. The introduced distinction
between primary and secondary services will help in analyzing these challenges. The
existence and potential relevance of secondary services can be extended to other areas
of software engineering. While this work is limited on a rather broad view of service,
which regards a portal service as a tool to execute a task, this view can be extended to
single features. In CoFiPot, i.e., a typical service is the one to look up exchange rates.
The detailed view would differentiate between the different reports that are provided
by this service. While the broad view is especially useful to increase the awareness
of new users, the detailed view would also provide new information to users who
already have a good overview of the portal services.
The change management aspect of the portal engineering process also requires fur-
ther studies. Especially in large portals, this aspects needs to become part of the ongo-
ing development process. The findings from the analysis of CoFiPot have shown, that
the overall user perspective is not considered when implementing new or changing
existing services. Only the key users of each service are informed, if even. An inter-
esting research question would be to determine how other corporate portal providers
perceive and prioritize this task.
6.2.2. Corporate Portal Recommender Systems
The findings from the recommender system case study have shown the potential that
the technology offers to support the process to inform users about a portal’s service
portfolio. The case study also proofed the applicability of the model for the imple-
mentation of such a recommender system, which was developed in Chapter 4. A long
term study of the effects of such a system would support the recommender research.
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The interesting aspect compared to other scientific literature is the focus on recom-
mending services for long term usage compared to, e.g., recommending products or
news articles for “one-time” usage. A long term study should also evaluate the effects
on new users and the implementation of new services. It would be of special interest
to provide a recommender system directly at the start of a new corporate portal.
The channel how recommendations are communicated to the user should also be
reviewed in detail. The implementation in CoFiPot has revealed drawbacks regard-
ing the visibility of the messages. The question is whether a redesign can ensure a
higher visibility or if alternative channels as presented in Section 4.8 will have lead to
better results.
6.2.3. Alternative Support Concepts for Corporate Portals
This work focused on the application of a recommender system to increase the users’
knowledge about a portal’s service portfolio. Alternative concepts were introduced
and discussed in Section 2.4. Comparing the effects of a well planned documentation
concept, internal marketing or any of the other concepts will support the selection of
the best fitting concept for a portal.
None of the support concepts are exclusive, therefore, combinations might lead to
even better results. E.g. the recommender system could be extended to not only rec-
ommend relevant services but also documentations about services the user is already
using. Also, the availability of documentation could be considered when improving
the usability of services. Links to relevant documents or short explanations could be
displayed next to related buttons or fields in a form.
Combining the advantages of the different concepts could lead to an overall con-
cept for the continuous portal engineering process. This concept could be used to
integrate the aspects of evolution in the development of new corporate portals and
help in improving the support to existing implementations.
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A. Corporate Portal Definitions
Author(s) Definition
Collins (2000) A browser-based application that allows knowledge workers to
gain access to, collaborate with, make decisions, and take action
on a wide variety of business-related information regardless of
the employee’s virtual location or departmental affiliations, the
location of the information, or the formal in which the informa-
tion is stored.
Daniel and Ward (2005) Enterprise portals are secure web locations that can be cus-
tomized or personalized, that allow staff and business partners
access to, and interaction with a range of internal and external
applications and information sources. Uses of the portal may in-
clude: improved access to information, increased collaboration,
greater use of existing applications and effective integration be-
tween applications.
Davydov (2001) [...] The key focus of portals is the integrated access to both infor-
mation and application services, and greater levels of integration
between the two. Corporate portals are extremely valuable to
business users because they simplify complex information, pro-
vide context-specific and useful application services, and foster
collaboration and community building across the extended en-
terprise. These characteristics represent the rapid evolution of
corporate portals from mere corporate intranet sites to mission-
critical business tools. [...]
Delphi Group (2001) A personalized workspace that integrates our most relevant
sources of information and the underlying connections that
make this information valuable to us in a single point of access.
Detlor (2000) Corporate portals are single-point Web browser interfaces used
within organizations to promote the gathering, sharing, and dis-
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Author(s) Definition
semination of information throughout the enterprise. As such,
these tools offer corporations a means by which to manage and
access information from disparate sources across the firm.
Eckerson (1999a) Wayne Eckerson defines a Business Portal as an application that
“provides business users one-stop shopping for any information
object they need inside or outside the corporation.” He therefore
emphasizes the gateway aspect of business portal applications as
fundamental to the concept. He also emphasizes the importance
of shared services such as “security, metadata repository, person-
alization, search, publish/subscribe,” etc., as well as a common
look and feel to the gateway.
Gartner Group (1998) A portal is a web site targeted at a specific audience that pro-
vides: content aggregation and delivery of information relevant
to the audience, collaboration and community services, and ap-
plication access for the target audience, delivered in a highly per-
sonalized manner.
Hall and Heffner (2001) A portal leads somewhere or to something, it is a doorway. In
the enterprise, the doorway leads to content, data and services
within and beyond the organization. The value of the enterprise
portal lies in its ability to provide a single access point to dis-
parate information.
Murray (1999) Portals that focus only on content are inadequate for the corpo-
rate market. Corporate portals must connect us not only with
everything we need, but with everyone we need, and provide
all the tools we need to work together. This means that group-
ware, e-mail, workflow, and desktop applications-even critical
business applications-must all be accessible through the portal.
Thus the portal is the desktop, and your commute is just a phone
call.
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Raol et al. (2003) An enterprise portal can be defined as a single point of access
(SPOA) for the pooling, organizing, interacting, and distributing
of organizational knowledge.
Ryley (2001) A corporate portal should put in place the tools and procedures
necessary to allow departments to quickly and simply create,
maintain, and update their own Websites, and provide appro-
priate navigation that ties them all together.
Shilakes and Tylman
(1998)
Enterprise information portals are applications that enable com-
panies to unlock internally and externally stored information,
and provide users a single gateway to personalized information
needed to make informed business decisions.
Smith (2004) I define portal as an infrastructure providing secure, customiz-
able, personalizable, integrated access to dynamic content from
a variety of sources, in a variety of source formats, wherever it is
needed.
Tatnall (2005) Enterprise Information Portals. The term enterprise (or corpo-
rate) information portals (EIP) is now often being applied to the
gateways to the corporate intranets that are used to manage the
knowledge within an organization. These are designed primar-
ily for business-to-employee (B2E) processes and offer employ-
ees the means to access and share data and information within
the enterprise. An EIP may include facilities such as: a cate-
gorization of information available on the intranet, a search en-
gine covering the entire intranet, organizational news, access to
e-mail, access to common software applications, document man-
agement, links to internal sites and popular external Web sites,
and the ability to personalize the page. Variations on EIPs in-
clude business intelligence portals that are designed to act as
gateways to decision-making processes and to provide competi-
tive intelligence, business area portals that support specific busi-
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ness processes such as personnel or supply chain management,
and facilities designed to support the field sales forces.
Ryley (2001) A corporate portal should put in place the tools and procedures
necessary to allow departments to quickly and simply create,
maintain, and update their own Websites, and provide appro-
priate navigation that ties them all together.
Vo (2007) A corporate portal is a web-based application that serves as a
personalized and customizable and single gateway to all the in-
formation, application, processes and people that are of rele-
vance for conducting business operations.
White (2003) Application Server Suite: This suite brings together the four key
integration infrastructure technologies (i.e., user interface, busi-
ness process, application and data) in a single package that is
combined with an application server and collaboration services.
This suite places emphasis on application integration and on an
infrastructure for building an integrated business environment.
It is similar to what Gartner calls an Application Platform Suite
(APS).
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B. Eckerson’s 15 Rules for Enterprise
Portals
1) Ease of use
2) Intuitive classification and searching
3) Collaborative information sharing
4) Universal connectivity to information resources
5) Dynamic access to information resources
6) Intelligent routing
7) Integrated business intelligence tool
8) Server-based architecture
9) Distributed services
10) Flexible permission granting
11) External interfaces
12) Programmatic interfaces
13) Security
14) Easy deployment and maintenance
15) Customization and personalization
Eckerson, 1999a
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C. List of CoFiPot Services
About Us Management Tax
Org Chart BO200 Dates Editor GAIS
Cash Planning Admin GewSt
Controlling Cofiplan Setup Tax Assessments
Compliance Tool Control Center Tax Audit
BackOffice Tools Error Log Viewer Tax Computation
CFC Tools Issue Tracker Tax Declaration
LDAP Browser Tax Entity Mgmt
Demo Module Management Tax Planning
Customer Page Visits USIS
Invoices Report Monitor
Payment Analysis User Management Treasury
FI Contracts User Status Management Accounts
FX Exposure Monitor Validation Center BIC Monitor
Payment Terms Cash Hedging
Market Focus Commodity Monitor
Knowledge Base Aspire FX Auto Hedging
Business in Brief Finance Charts FX Exposure Charts
CFI Documents Intercompany IR Rates FX Exposure Input
CRM Documents Market Data Monitor FX Hedge Accounting
CTR-CM Documents Official Bayer Rates FX Planned Exposure
F&A Community FX Trades
F&A Manager Meetings My Cofipot FX Weekly Hedging
FI Guidelines My Documents NewKred Monitor
FX Market Reports My Reports
Help
Planning Guides Planning
Reporting Templates Daily Cash Planning
Research Dividend Planning
Search for Affiliates Monthly Cash Planning
Taxes Planning Monitor
Workshops & Seminars WACC Monitor
Worldwide Contacts
as of April 2009
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D. CoFiPot Expert Interview
Overview
• The interviews were conducted in German. The interviews took around 60 min-
utes and were recorded.
• Nine interviews were conducted with six managers from the Finance Depart-
ments at the Bayer Holding and three regional managers.
• The respondents were free to skip those questions that they did not want to or
could not answer.
Interview Handout
Corporate Financial Portal - Erfahrungen und Erkenntnisse
Leitfaden Interview
Vielen Dank für Ihre Teilnahme an diesem Interview.
• Das Ziel dieses Interviews einen Eindruck zu gewinnen, wie vertraut sie mit
dem Corporate Financial Portal (CoFiPot) sind und inwieweit ihre Mitarbeiter
von der Nutzung dessen profitieren. Zum Abschluss des Interviews wird eine
neue Funktionalität vorgestellt, die die Nutzbarkeit des Portals erhöhen soll.
Hierzu bitten wir um eine Bewertung.
• Fragen, die Sie nicht beantworten wollen, werden ausgelassen
• Wesentliche Erkenntnisse aus diesem Gespräch werden ein wichtiger Teil
meiner Dissertation zum Thema “Corporate Portal Management - Enhancing
Service usage” sein.
• Dieses Interview wird ca. 60 Minuten in Anspruch nehmen
• Ich möchte Sie hiermit um Erlaubnis bitten, Teile des Gespräches in meiner Ar-
beit anonym zu zitieren.
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Name:
Positionsbeschreibung:
Datum:
Teil 1: Vorstellung des Gesprächspartners
Frage 1.1
Bitte stellen Sie sich kurz vor und skizzieren Sie Ihre Tätigkeit bei Bayer Finanzen.
• Wie lange arbeiten Sie schon für Bayer Finanzen?
• Für welche Abteilung sind Sie verantwortlich?
• Welche Kernaufgaben hat Ihr Bereich zu erfüllen?
• Wie viele Mitarbeiter arbeiten in Ihrem Bereich?
• Wie lange arbeiten Sie schon mit CoFiPot?
Frage 1.2
Wählen Sie bitte aus welche der folgenden zwei Kategorien auf die Tätigkeiten Ihrer
Abteilung zutreffen
Abteilung Prozesse
2 Accounting/Valuation2 Administration2 Auditing (inc. PWC)2 Cash Management2 Controlling2 FX Management2 Financing2 M & A2 Planning2 Reporting2 Risk Management2 Tax2 Andere:
2 Accounting/Billtrolling2 Controlling2 Corporate Auditing2 Credit Management2 Law & Patents2 Local/Regional Management2 M & A2 IT/O&I2 Marketing/Sales2 PWC2 Procurement2 Tax2 Treasury Finance2 Andere:
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Teil 2: Persönliche Erfahrung mit CoFiPot und den angebotenen
Modulen
Frage 2.1
Wie sind Sie auf CoFiPot aufmerksam geworden?
Frage 2.2
Schildern Sie bitte kurz die Bedeutung des Portals in Ihrem Tagesablauf bzw. Tages-
geschäft.
• Wie häufig nutzen Sie das Portal? (mehrmals täglich, täglich, mehrmals die
Woche, wöchentlich, etc.)
• Unterliegt die Nutzung saisonaler Schwankung? (z.B. Monatsende, Quar-
talsende, Jahresende)
• Zu welchem Zweck nutzen Sie das Portal?
Frage 2.3
Wie gut kennen Sie das Portal in Bezug auf das Angebot von Modulen und die
Möglichkeit, auf gesicherte Module zuzugreifen?
• Mir ist bekannt, dass es gesicherte Module gibt.
• Der Prozess zum Freischalten von Modulen ist mir bekannt.
Frage 2.4
Bitte schätzen Sie, wie viele Module das Portal derzeit anbietet?
Frage 2.5
In Bezug auf die vom Portal angebotenen Module:
• Auf wie viele Module haben sie derzeit Zugriff (inklusive der allgemein sicht-
baren)?
• Wie viele Module nutzen Sie regelmäßig?
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• Wie viele Module könnten Sie Ihren Mitarbeitern in ihrer Funktion kurz
beschreiben?
Frage 2.6
Wie erfahren Sie von neuen Modulen bzw. von signifikanten Änderungen an beste-
henden? Bitte beurteilen Sie anhand der folgenden Aussagen auf einer Skala von 1
(trifft nicht zu) bis 5 (trifft in hohem Maße zu).
• Ich werde regelmäßig über neue Module im Portal informiert.
• Ich werde über signifikante Änderungen an Modulen informiert.
• Es ist wichtig für mich, über neue Module informiert zu werden.
• Es ist wichtig für mich über signifikante Änderungen an Modulen informiert zu
werden.
• Ich schaue mir regelmäßig das Portal an um Änderungen/Erweiterungen zu
finden.
Teil 3: Erfahrung der Mitarbeiter mit CoFiPot
Frage 3.1
Wie viele Ihrer Mitarbeiter nutzen CoFiPot? (Allgemein / Mindestens wöchentlich?)
Frage 3.2
Wie lernen Ihre Mitarbeiter das Portal kenne?
• Gibt einen Einweisungsprozess für neue Mitarbeiter?
• Wenn ja, wie sieht dieser aus? (Gibt es ein Standard-Profil)
• Wenn nein, wie lernen die Mitarbeiter das Portal kennen?
• Werden neue Module bekannt gegeben? Wenn ja, wie?
Frage 3.3
• Auf wie viele verschiedene Module haben Ihre Mitarbeiter in Summe Zugriff?
• Wie viele dieser Module sind geschützt?
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• Wie viele verschiedene Module werden in Summe von Ihren Mitarbeitern
genutzt?
• Schwankt die Nutzung dieser Module?
(z.B. am Monatsende/Quartalsende/Jahresende)
• Welche Module werden besonders häufig genutzt bzw. sollten häufig genutzt
werden.
Frage 3.5
Gibt es Module, die Ihre Mitarbeiter nicht nutzen sollen? Falls ja, um welche handelt
es sich und warum sollen sie nicht genutzt werden?
Frage 3.6
Gibt es Prozesse, in denen mehrere Module zusammen genutzt werden?
• Gibt es Prozesse die das Aufrufen mehrerer Module in einer bestimmten Rei-
henfolge erfordern?
• Gibt es Cluster von Modulen, die immer gemeinsam genutzt werden?
Frage 3.7
Sind Ihnen Module bekannt, die den gleichen Zweck erfüllen und somit austauschbar
sind?
Frage 3.8
Wie erfolgt die Freischaltung von Mitarbeitern auf gesicherte Module?
• Beantragen Sie die Freischaltung?
• Können die Mitarbeiter die Freischaltung selber beantragen?
• Von wem geht im Normalfall die Initiative für die Freischaltung aus?
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Teil 4: Relevanz von CoFiPot
Frage 4.1
Wenn man CoFiPot abschalten würde, dann würde dies Sie und Ihre Mitarbeiter bei
der Erfüllung Ihrer Aufgaben...
2 Nicht beeinflussen
2 Kaum beeinflussen
2 Beeinflussen
2 Erschweren
2 Sehr erschweren
Frage 4.2
Bitte bewerten Sie folgende Aussagen auf einer Skala von 1 (Trifft nicht zu) bis 5 (Trifft
in hohem Maße zu)
• CoFiPot unterstützt mich und meine Mitarbeiter optimal
• Das Portal könnte von meinen Mitarbeitern häufiger genutzt werden
• Das Portal sollte von meinen Mitarbeitern häufiger genutzt werden
• Ich habe einen guten Überblick über die Module, die von CoFiPot angeboten
werden.
• Meine Mitarbeiter haben einen guten Überblick über die Module, die von
CoFiPot angeboten werden.
Frage 4.3
Wie würden Sie die Relevanz des Portals für Sie und Ihre Mitarbeiter beschreiben?
Könnten Sie ein Maßdefinieren, anhand dessen man die Relevanz des Portals messen
könnte? (Z.B. Dauer eines Prozess mit und ohne Portal, Qualität der Ergebnisse, etc.)
Frage 4.4
Können Sie Alternativen für Dienste nennen, die die Module des Portals bieten.
• Gibt es alternative Quellen zur Abfrage von Reports
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• Gibt es Alternativen zur Dateneingabe?
• Gibt es Prozesse, die komplett ohne CoFiPot ausgeführt werden könnten?
• Wenn ja, wäre es aus Ihrer Sicht wünschenswert, wenn dies ohne CoFiPot
geschehen würde?
• Wenn nein, welche Rolle spielt CoFiPot in diesen Prozessen?
• Gibt es Prozesse in Ihrer Abteilung die durch die Nutzung bestehender CoFiPot
Module besser ausgeführt werden könnten?
• Bitte nennen sie ein Beispiel.
• Warum wäre die Nutzung von CoFiPot Modulen hier sinnvoll?
• Welche Rolle würde der Dienst spielen? (Information, Prozessablauf, etc.)
• Warum wird der Dienst nicht genutzt?
• Welche Art von Dienst würde ersetzt? (Excel, Adaptiv, Mail, etc.)
Teil 5: System zur automatischen Empfehlung von Modulen
Um Mitarbeiter mit dem Modulangebot des Portals besser vertraut zu machen, pla-
nen wir die Einführung eines Empfehlungssystems. Dies stellt dem aktuellen Nutzer
Module vor die von verwandten Nutzern genutzt werden. Die Methode ist vergle-
ichbar mit der Buchempfehlung des Online-Buchversands Amazon.
Um diese Empfehlungen anzuzeigen, stehen uns folgende Kanäle zur Verfügung:
• Als Pop Up
• Unter dem aktiven Modul (ähnlich zu Amazon)
• Als Balloon-Tip (- siehe Demo)
• Im Quick Notifier
• Als personalisierte Email (beispielsweise Monatlich)
Zusätzlich erwägen wir die Erstellung von Empfehlungslisten nach Abteilungen,
die dem jeweiligen Management zur Verfügung gestellt werden könnte.
Frage 5.1
Wie schätzen sie das Potential des Recommender Systems auf einer Skala von 1 (Trifft
nicht zu) bis 5 (Trifft in hohem Maße zu) ein:
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D. CoFiPot Expert Interview
• Das System hat Potential, Mitarbeiter bei der Arbeit zu unterstützen
• Neuen Mitarbeitern wird der Einstieg in das Portal erleichtert
• Das Management kann von einer Übersicht der Empfehlungen profitieren
• Das System erhöht die Nutzbarkeit/Verständlichkeit von CoFiPot.
Frage 5.2
Bitte bewerten sie die verschiedenen Optionen zur Anzeige von Empfehlungen an-
hand der Optionen: Sehr störend, störend, neutral, effektiv, sehr effektiv:
• PopUp
• Unterhalb des aktiven Modules
• Balloon-Tip
• Quick Notifier
• Personalisierte Email
Frage 5.3
Haben weitere Sie Anmerkungen/Anregungen zu dem System.
Frage 5.4
Haben sie weitere Anregungen, wie man die Wahrnehmung von CoFiPot in Bezug
auf die Angebotenen Module verbessern könnte.
Vielen Dank für das Gespräch!
208
E. Recommender System Classification
Recommender system classification by Adomavicius and Tuzhilin (2005)
Recommendation
Approach
Recommendation Technique
Heuristic-based Model-based
Content-based - TF-IDF (information retrieval
- Clustering
- Bayesian classifiers
- Clustering
- Artificial neural networks
Collaborative - Nearest neighbor
(cosine, correlation)
- Clustering
- Graph theory
- Bayesian networks
- Clustering
- Artificial neural networks
- Linear regression
- Probabilistic models
Hybrid - Linear combination of
predicted ratings
- Various voting schemes
- Incorporating one component
as a part of the heuristic
for the other
- Incorporating one component
as a part of the model for
the other
- Building one unifying model
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F. Statistical Accuracy Metrics
Metric Used for References
Mean Absolute Error
(MAE)
Accuracy Shardanand and Maes (1995)
Breese et al. (1998)
Herlocker et al. (1999), (2004)
Fisher et al. (2000)
Calderón-Benavides et al. (2004)
Adomavicius and Tuzhilin (2005)
Variance MAE Reliability Fisher et al. (2000)
Calderón-Benavides et al. (2004)
Mean Squared Error (MSE) Reliability Shardanand and Maes (1995)
Herlocker et al. (2004)
Root MSE Reliability Herlocker et al. (1999), (2004)
Adomavicius and Tuzhilin (2005)
Mean Error Distortion Fisher et al. (2000)
Normalized MAE Accuracy Herlocker et al. (2004)
MAE of the Extremes Accuracy Herlocker et al. (2004)
Half-Life Utility Metric Accuracy
(in lists)
Breese et al. (1998)
Herlocker et al. (2004)
Top-N Evaluation Accuracy
(in lists)
Lam (2004)
Kappa-Index Approval Cohen et al. (1972)
Calderón-Benavides et al. (2004)
Person’s Correlation
Coefficient
Correlation
(Complexity)
Shardanand and Maes (1995)
Hill et al. (1995)
Herlocker et al. (1999), (2004)
Adomavicius and Tuzhilin (2005)
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F. Statistical Accuracy Metrics
Metric Used for References
Spearman’s Rank
Correlation Coefficient
Rank
Correlation
Mooney and Roy (2000)
Herlocker et al. (1999), (2004)
Kendall’s Tau Rank
Correlation
Herlocker et al. (2004)
Weighted Mean Complexity Fisher et al. (2000)
Receiver Operation
Characteristic (ROC)
Curves
Herlocker et al. (1999), (2004)
Adomavicius and Tuzhilin (2005)
C ROC Herlocker et al. (2004)
Swet’s A Measure Herlocker et al. (2004)
Precision,
Recall,
F1-Measure
Mooney and Roy (2000)
Sarwar et al. (2001)
Herlocker et al. (2004)
Adomavicius and Tuzhilin (2005)
Standard Deviation
of Errors
Sarwar et al. (2001)
Mean Average Precision Accuracy Herlocker et al. (2004)
Normalized Distance-Based
Performance
Herlocker et al. (2004)
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G. Statistical Results of Recommender
Test Runs
Averages of deviations between predicted and original ratings using the Bonferroni
method based on observed means. For test runs All but 1/2 (AB1/2), Given 25
(G2/5). Tests for rating rules Weekly and Monthly Average 1/2 (WA1/2, MA1/2),
user similarity algorithms Pearson’s Correlation (Corr), Inverse User Frequency (IUF)
and Vector Similarity (VS), prediction algorithms Average Rating (AR), Weighted
Sum (WS) and Adapted Weighted Sum (AWS).
Test Mean 95% Conf. Interval
Method Algorithms Difference Std. Error Sig. Lower Upper
AB1 WA1 x WA2 .0327 .03179 1.000 -.0512 .1166
x MA1 .3138 .02777 .000 .2405 .3870
x MA2 .1866 .03140 .000 .1037 .2695
WA2 x MA1 .2810 .02779 .000 .2077 .3544
x MA2 .1539 .03143 .000 .0709 .2368
MA1 x MA2 -.1272 .02735 .000 -.1993 -.0550
Corr x IUF .0204 .02621 1.000 -.0423 .0832
x VS .0029 .02598 1.000 -.0593 .0652
IUF x VS -.0175 .02335 1.000 -.0734 .0384
AR x WS .0364 .02476 .425 -.0229 .0957
x AWS -.1225 .02476 .000 -.1818 -.0632
WS x AWS -.1588 .02476 .000 -.2181 -.0996
AB2 WA1 x WA2 .0140 .01874 1.000 -.0354 .0635
x MA1 .1777 .01762 .000 .1312 .2242
x MA2 .0093 .02068 1.000 -.0453 .0638
WA2 x MA1 .1637 .01765 .000 .1171 .2102
x MA2 -.0048 .02070 1.000 -.0594 .0499
MA1 x MA2 -.1684 .01969 .000 -.2204 -.1165
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Test Mean 95% Conf. Interval
Method Algorithms Difference Std. Error Sig. Lower Upper
Corr x IUF .0277 .01672 .291 -.0123 .0678
x VS .0155 .01663 1.000 -.0243 .0553
IUF x VS -.0123 .01567 1.000 -.0498 .0252
AR x WS .0281 .01624 .252 -.0108 .0670
x AWS -.0260 .01624 .330 -.0649 .0129
WS x AWS -.0540 .01624 .003 -.0929 -.0151
G2 WA1 x WA2 .0221 .00953 .121 -.0030 .0473
x MA1 .1200 .00996 .000 .0937 .1463
x MA2 .2603 .00871 .000 .2373 .2833
WA2 x MA1 .0979 .00994 .000 .0716 .1241
x MA2 .2381 .00870 .000 .2152 .2611
MA1 x MA2 .1403 .00916 .000 .1161 .1644
Corr x IUF .0623 .00879 .000 .0413 .0834
x VS .0557 .00877 .000 .0347 .0767
IUF x VS -.0067 .00726 1.000 -.0241 .0107
AR x WS .0143 .00792 .210 -.0046 .0333
x AWS -.1380 .00793 .000 -.1570 -.1190
WS x AWS -.1523 .00793 .000 -.1713 -.1334
G5 WA1 x WA2 .0124 .00980 1.000 -.0134 .0383
x MA1 .1125 .01001 .000 .0861 .1389
x MA2 .2450 .00894 .000 .2214 .2686
WA2 x MA1 .1001 .01002 .000 .0737 .1265
x MA2 .2326 .00895 .000 .2090 .2562
MA1 x MA2 .1325 .00917 .000 .1083 .1567
Corr x IUF .0831 .00831 .000 .0632 .1030
x VS .0757 .00830 .000 .0558 .0956
IUF x VS -.0074 .00776 1.000 -.0260 .0112
AR x WS .0100 .00807 .652 -.0094 .0293
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Test Mean 95% Conf. Interval
Method Algorithms Difference Std. Error Sig. Lower Upper
x AWS -.0461 .00807 .000 -.0654 -.0268
WS x AWS -.0561 .00807 .000 -.0754 -.0367
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